Electromagnetic noise in Itmann Mine by Bensema, W. D. et al.
ELECTROMAGNETIC NOISE IN ITMANN MINE 
W. D. B e n s e m a  
M .  K a n d a  
J. W. A d a m s  
E lec t romagne t i cs  D iv i s ion  
I n s t i t u t e  f o r  Bas i c  S t a n d a r d s  
N a t i o n a l  B u r e a u  o f  S tandards  
B o u l d e r ,  C o l o r a d o  80302 
The  v iews  a n d  c o n c l u s i o n s  con ta ined  i n  
t h i s  d o c u m e n t  s h o u l d  n o t  be  i n t e r p r e t e d  
as n e c e s s a r i l y  r e p r e s e n t i n g  t h e  o f f i c i a l  
po l i c i es  o r  r e c o m m e n d a t i o n s  o f  t h e  In te r i o r  
D e p a r t m e n t ' s  B u r e a u  o f  M i n e s  o f  t h e  U . S .  
G o v e r n m e n t  
J u n e  1 9 7 4  
P repared  fo r  
U. S. Bu reau  o f  M ines  
U n i t e d  Sta tes  D e p a r t m e n t  o f  t h e  In te r i o r  
P i t t sbu rgh ,  Pennsy l van ia  15222  
W o r k i n g  F u n d  Agreement  HO 1 3 3 0 0 5  
U.S DEPARTMENT OF COMMERCE, Frederick B. Dent, Secretary 
N A T I O N A L  B U R E A U  O F  S T A N D A R D S  R lchdrd  W Robert5 D~rectcjr 
T h i s  r e p o r t  was p r e p a r e d  by t h e  N a t i o n a l  Bureau o f  S t a n d a r d s ,  
Bou lde r ,  Co lo rado ,  under  USBV C o n t r a c t  No. HO 133005. The 
c o n t r a c t  was i n i t i a t e d  under  t h e  Coal Mine H e a l t h  and S a f e t y  
Research  Program. I t  was a d m i n i s t e r e d  under  t h e  t e c h n i c a l  
d i r e c t i o n  of  t h e  P i t t s b u r g h  Mining and S a f e t y  Resea rch  C e n t e r  
w i t h  Mr. Howard Pa rk inson  and Vr. Harry Dobroski  a c t i n g  a s  t h e  
t e c h n i c a l  p r o j e c t  o f f i c e r s .  
T h i s  r e p o r t  i s  a  summary of  t h e  work completed a s  p a r t  o f  
t h i s  c o n t r a c t  d u r i n g  t h e  p e r i o d  January  1973 t o  June 1974.  




I N T R O D U C T I O N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 
1.1 B a c k g r o u n d - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  2 
1 . 2  M i n e  D e s c r i p t i o n - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  3 
nEASIJRE'FENT 1 N S T F . I ~ Q N T A T I O N - - - - - - - - - - - - - - - - - - - - - - - -  5  
SPECTRUM MEASUREMENT R E S U L T S - - - - - - - - - - - - - - - - - - - - - - -  10 
3 . 1  I n t r o d u c t i o n  and U n c e r t a i n t i e s - - - - - - - - - - - - - - - -  10 
3.2 Antenna S i t e s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  10 
3 . 3  E l e c t r o m a g n e t i c  (EM) Noise Spectrum R e s u l t s - - -  11 
3 . 3 . 1  I n t e r p r e t a t i o n  - - - - - - - - - - - - - - - - - - - - - - - - - 11 
3.3 .2  Cabin Creek P a n e l - - - - - - - - - - - - - - - - - - - - - -  11 
3 . 3 . 3  F a r l e y  P a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - -  13 
3.4 Misce l l aneous  M e a s u r e m e n t s - - - - - - - - - - - - - - - - - - - -  1 4  
3 . 4 . 1  E l e c t r i c  F i e l d - - - - - - - - - - - - - - - - - - - - - - - - -  14 
3 .4 .2  Measurements of  Vol tage  Between Roof 
~ ~ l t ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  15 
3 . 5  In te rcompar i son  of  D i f f e r e n t  ) d i n e s - - - - - - - - - - - -  16 
3 . 5 . 1  Roof Bo l t  Vol tage  I n t e r c o m p a r i s o n - - - - - -  16 
3 .5 .2  Summary o f  1 kHz t o  3 kHz D a t a - - - - - - - - -  17 
3 . 5 . 3  In te rcompar i son  of  3 kPz t o  200 kHz 
D a t a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  18 
AMPLITUDE PSBABILITY DISTRIBUTION bEASUREP."Er\lTS---- 4 7  
4 .1 I n t r o d u c t i o n  and I J n c e r t a i n t i e s - - - - - - - - - - - - - - - -  4 7  
4  2 R e s u l t s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  48 
4 . 2 . 1  I n t r o d u c t i o n - - - - - - - - - - - - - - - - - - - - - - - - - - -  4 8 
4 . 2 . 2  F4easurement R e s u l t s - - - - - - - - - - - - - - - - - - - -  49 
4 .2 .3  RYS and Average V a l u e s - - - - - - - - - - - - - - - - -  5  1 
C O N C L U S I O N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  9  8 
R E C O M M E h T D A T I O N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  99 
A C K N O W L E D G M E N T S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  100 
R E F E R E N C E S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  101  
A P P F N D I X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  102 
LIST OF FIGURES 
Page 
F i g u r e  2 - 1 .  
F i g u r e  2 - 2 .  
F i g u r e  2 - 3 .  
F i g u r e  3 -1 .  
F i g u r e  3 - 2 .  
F i g u r e  3 - 3 .  
F i g u r e  3 - 4 .  
F i g u r e  3 - 5 .  
F i g u r e  3 - 6 .  
F i g u r e  3 - 7 .  
F i g u r e  3 -8 .  
Block d i ag ram o f  p o r t a b l e  i n s t r u m e n t a t i o n -  7 
System f o r  f i e l d  r e c o r d i n g  d a t a  t o  o b t a i n  
a m p l i t u d e  p r o b a b i l i t y  d i s t r i b u t i o n s - - - - - -  - -  8 
Block d iagram o f  l a b o r a t o r y  r e c o r d i n g  
s y s t e m  m o d i f i e d  f o r  f i e l d  u s e - - - - - - - - - - - - -  9  
Map o f  Itmann Mine where measurements  were 
made, Cabin Creek p a n e l - - - - - - - - - - - - - - - - - - -  19 
Spec t rum w i t h  mine i n  o p e r a t i o n ,  measure-  
ments  made 10  m e t e r s  from end o f  l o n g w a l l  
f a c e ,  Cabin Creek  p a n e l .  S p e c t r a l  r e s o -  
l u t i o n  of  78 .1  H z - - - - - - - - - - - - - - - - - - - - - - - - -  2 0 
Spec t rum w i t h  mine i n  o p e r a t i o n ,  measure-  
ments  made 10  m e t e r s  from end o f  l o n g w a l l  
f a c e ,  Cabin Creek p a n e l .  S p e c t r a l  r e s o -  
lution of  3 - 9 1  H z - - - - - - - - - - - - - - - - - - - - - - - - -  2 1  
Spectrum w i t h  mine i n  o p e r a t i o n ,  measure-  
ments  made 5 m e t e r s  from end o f  l o n g w a l l  
f a c e ,  Cabin Creek p a n e l .  S p e c t r a l  r e s o -  
lution of  7 8 . 1  H z - - - - - - - - - - - - . - - - - - - - - - - - - -  2 2  
Spectrum w i t h  mine i n  o p e r a t  i o n ,  measure - 
ments  made 5 m e t e r s  from end o f  l o n g w a l l  
f a c e ,  Cabin Creek p a n e l .  S p e c t r a l  r e s o -  
lution of 3 . 9 1  H z - - - - - - - - - - - - - - - - - - - - - - - - -  23 
Spectrum w i t h  second s h i f t  i n  f u l l  o p e r a -  
t i o n ,  measurements  made 5 m e t e r s  from end 
o f  l o n g w a l l  f a c e ,  Cabin Creek p a n e l .  
S p e c t r a l  r e s o l u t i o n  o f  3 . 9 1  H z - - - - - - - - - - -  2 4  
Spectrum o f  q u i e t  t ime  between s h i f t s ,  
measurements  made 5 m e t e r s  from end o f  
l o n g w a l l  f a c e ,  Cabin Creek p a n e l .  
S p e c t r a l  r e s o l u t i o n  o f  7 8 . 1  H z - - - - - - - - . - - -  2 5 
Spectrum o f  q u i e t  t ime  between s h i f t s ,  
measurements  made 5 m e t e r s  from end o f  
l o n g w a l l  f a c e ,  Cabin Creek p a n e l .  
S p e c t r a l  r e s o l u t i o n  o f  3 . 9 1  H z - - - - - - - - - - -  26 
LIST OF FIGURES ( c o n t i n u e d )  
Page 
F i g u r e  3 - 9 .  
F i g u r e  3 - 1 0 .  
F i g u r e  3 - 1 1 .  
F i g u r e  3 - 1 2 .  
F i g u r e  3 - 1 3 .  
F i g u r e  3 - 1 4 .  
F i g u r e  3 - 1 5 .  
F i g u r e  3 - 1 6 .  
F i g u r e  3 - 1 7 .  
1 
F i g u r e  3 -18 .  
Spec t rum w i t h  mine i n  o p e r a t i o n ,  measure  - 
ments  made 10 m e t e r s  f rom end  o f  l o n g w a l l  
f a c e ,  F a r l e y  p a n e l .  S p e c t r a l  r e s o l u t i o n  
of 7 8 . 1  l j z - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  2 7  
Spec t rum w i t h  mine i n  o p e r a t  i o n ,  measure  - 
ments  made 10 m e t e r s  f rom end  of  l o n g w a l l  
f a c e ,  F a r l e y  p a n e l .  S p e c t r a l  r e s o l u t i o n  
of  3 . 9 1  H Z - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  2 8 
Spectrum w i t h  h y d r a u l i c  pump o p e r a t i n g ,  
measurements  made 10  m e t e r s  f rom e n d  of  
l o n g w a l l  f a c e ,  F a r l e y  p a n e l .  S p e c t r a l  
r e s o l u t i o n  of 7 8 . 1  H z  . . . . . . . . . . . . . . . . . . . . .  2 9 
Spec t rum w i t h  h y d r a u l i c  pump o p e r a t i n g ,  
measurements  made 10 m e t e r s  f rom end  o f  
l o n g w a l l  f a c e ,  F a r l e y  p a n e l .  S p e c t r a l  
r e s o l u t i o n  of 3 . 9 1  H Z - - - - - - - - - - - - - - - - - - - - -  30 
Spec t rum w i t h  conveyor  b e l t  s t a r t i n g  u p ,  
measurements  made 10 m e t e r s  f rom end  o f  
l o n g w a l l  f a c e ,  F a r l e y  p a n e l .  S p e c t r a l  
r e s o l u t i o n  of 7 8 . 1  H z - - - - - - - - - - - - - - - - - - - - -  3  1 
Spec t rum w i t h  conveyor  b e l t  s t a r t  i n g  u p ,  
measurements  made 10 m e t e r s  f rom end  of  
l o n g w a l l  f a c e ,  F a r l e y  p a n e l .  S p e c t r a l  
r e s o l u t i o n  of 3 . 9 1  H z - - - - - - - - - - - - - - - - - - - - -  32 
V e r t i c a l  component o f  m a g n e t i c  f i e l d  
s p e c t r u m  a b o u t  3  m e t e r s  from l o n g w a l l  
m a c h i n e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  33 
V e r t i c a l  component o f  m a g n e t i c  f i e l d  
s p e c t r u m  a t  end o f  hau lageway i n  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  34 
V e r t i c a l  component o f  m a g n e t i c  f i e l d  
s p e c t r u m  a t  end  o f  hau lageway i n  F a r l e y  
H o r i z o n t a l  component o f  m a g n e t i c  f i e l d  
s p e c t r u m  a t  end  of  hau lageway i n  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  36 
LIST OF FIGURES ( c o n t i n u e d )  
Page 
F i g u r e  3 -19 .  
F i g u r e  3 -20 .  
F i g u r e  3-21 .  
F i g u r e  3-22.  
F i g u r e  3-23 .  
F i g u r e  3 -24 .  
F i g u r e  3 -25 .  
F i g u r e  3 -26 .  
F i g u r e  3 -27 .  
F i g u r e  3 -28 .  
F i g u r e  3 -29 .  
F i g u r e  4 - 1 .  
F i g u r e  4 - 2 .  
V e r t i c a l  component of  magne t i c  f i e l d  
spec t rum a t  end of  haulageway i n  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  37 
V e r t i c a l  component o f  magne t i c  f i e l d  
spec t rum a t  end of haulageway i n  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  38 
H o r i z o n t a l  component of magne t i c  f i e l d  
spec t rum a t  end of haulageway i n  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  3 9  
Spectrum o b t a i n e d  w i t h  an a c t i v e  d i p o l e ,  
0.75 m e t e r s  from phone l i n e .  S p e c t r a l  
r e s o l u t i o n  of 78.1 H z - - - - - - - - - - - - - - - - - - - - -  40 
Vol t age  spec t rum o b t a i n e d  between r o o f  
b o l t s  l o c a t e d  15.2 m e t e r s  a p a r t ,  F a r l e y  
p a n e l .  S p e c t r a l  r e s o l u t i o n  of  78 .1  H z - - - -  41 
Vo l t  age spec t rum o b t a i n e d  between roof  
b o l t s  l o c a t e d  15.2 m e t e r s  a p a r t ,  F a r l e y  
p a n e l .  S p e c t r a l  r e s o l u t i o n  of  3 .91  H z - - - - -  42 
Summary of  r m s  n o i s e  v o l t a g e  measured 
underground between r o o f  - s u p p o r t  - b o l t s  
in f o u r  m i n e s - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  16 
Comparison o f  l o g a r i t h m i c  ave rage  o f  
magne t i c  f i e l d  s t r e n g t h s  o f  t h r e e  mines 
a t  s i x  f r e q u e n c i e s - -  . . . . . . . . . . . . . . . . . . . . . .  43 
Logar i thmic  ave rage  magne t i c  f i e l d  s t r e n g t h  
s u m m a r y - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  44 
Comparison o f  EM n o i s e  l e v e l s  n e a r  o p e r a t -  
i n g  machinery  from f o u r  m i n e s - - - - - - - - - - - - -  45 
Comparison of EM n o i s e  l e v e l s  a l o n g  
haulageways i n  f o u r  m i n e s - - - - - - - - - - - - - - - - -  46 
APD, 10 kHz, v e r t i c a l  component, Cabin  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  53 
A P D ,  30 kHz, v e r t i c a l  component, Cabin 
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  5  4  
LIST OF FIGURES ( c o n t i n u e d )  
Page 
F i g u r e  4 - 3 .  APD, 70 kHz, v e r t i c a l  component,  Cabin  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  55 
F igu re  4 - 4 .  APD, 130 kHz, v e r t i c a l  component ,  Cabin  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  56 
F i g u r e  4 - 5 .  APD, 160 kHz, v e r t i c a l  component,  Cab in  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  57 
F i g u r e  4 - 6 .  APD, 250 kHz, v e r t i c a l  component ,  Cab in  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  58 
F i g u r e  4 - 7 .  APD, 500 kHz, v e r t i c a l  component,  Cabin  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  5  9 
F i g u r e  4 - 8 .  APD, 1 M H z ,  v e r t i c a l  component,  Cabin  Creek  60 
F i g u r e  4 - 9 .  APD, 2 MHz, v e r t i c a l  component,  Cabin  Creek  6 1  
F i g u r e  4 - 1 0 .  APD, 6  MHz,  v e r t i c a l  component ,  Cab in  Creek  62 
F i g u r e  4 -11 .  APD, 14 MHz, v e r t i c a l  component,  Cabin  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  6  3 
F i g u r e  4 -12 .  APD, 32 M H z ,  v e r t i c a l  component ,  Cabin  
C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  64 
F i g u r e  4 -13 .  APD, 10 kHz, v e r t i c a l  component ,  q u i e t  
t ime, Cabin C r e e k - - - - - - - - - - - - - - - - - - - - - - - - -  6  5 
F i g u r e  4 -14 .  APD, 30 kHz, v e r t i c a l  component ,  q u i e t  
t ime, c a b i n  c r e e k -  - -  - - - -  - - - - - - - -  - - - -  - - - -  - - 66 
F i g u r e  4 - 1 5 .  APD, 130 kHz, v e r t i c a l  component,  q u i e t  
t ime, c a b i n  c r e e k - - - - - - - - - - - - - - - - - - - - - - - - -  67 
F i g u r e  4 - 1 6 .  APD, 500 kHz, v e r t i c a l  component ,  q u i e t  
t i m e ,  c a b i n  C r e e k - - - - - - - - - - - - - - - - - - - - - - - - -  68 
F i g u r e  4-17 .  APD, 1 T\ltIz, v e r t i c a l  component,  q u i e t  
t ime,  c a b i n  c r e e k  . . . . . . . . . . . . . . . . . . . . . . . . .  69 
F i g u r e  4-18 .  APD, 2 MHz, v e r t i c a l  component ,  q u i e t  
t ime,  Cabin C r e e k - - - - - - - - - - - - - - - - - - - - - - - - -  70 
F i g u r e  4 - 1 9 .  APD, 6  MHz, v e r t i c a l  component,  q u i e t  
t ime,  Cabin C r e e k - - - - - - - - - - - - - - - - - - - - - - - - -  71 
v i i i  
LIST OF FIGURES ( c o n t i n u e d )  
F i g u r e  4 - 2 0 .  
F i g u r e  4 - 2 1 .  
F i g u r e  4-22 .  
F i g u r e  4 -23 .  
F i g u r e  4 - 2 4 .  
F i g u r e  4 - 2 5 .  
F i g u r e  4 - 2 6 .  
F i g u r e  4 -27 .  
F i g u r e  4 -28 .  
F i g u r e  4 - 2 9 .  
F i g u r e  4 - 3 0 .  
F i g u r e  4-31 .  
F i g u r e  4 - 3 2 .  
F i g u r e  4 -33 .  
F i g u r e  4 - 3 4 .  
F i g u r e  4 - 3 5 .  
Page 
ApD, 10 kHz, r o o f  b o l t s - - - - - - - - - - - - - - - - - - -  7 2  
APD, 10 kHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  73 
APD, 30 kHz, v e r t i c a l  component,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  74 
APD, 70 kHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  75 
APD, 130 kHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  76 
APD, 250 kHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  7 7 
APD, 500 kHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  7 8  
APD, 1 MHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  79 
APD, 2 MHz, v e r t i c a l  component ,  F a r l e y  
p a n e l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  80 
APD, 10 kHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e  a t  t h e  end  o f  main b e l t  h a u l a g e -  8 1  
RPD, 30 kflz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  82 
APD, 70 kHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  83 
APD, 130 kHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  84 
APD, 160 kHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  85 
APD, 250 kHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e  - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -  86 
APD, 500 kHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  8 7 
LIST OF FIGURES ( c o n t i n u e d )  
Page 
F i g u r e  4 - 3 6 .  
F i g u r e  4 -37 .  
F i g u r e  4-38 .  
F i g u r e  4 - 3 9 .  
F i g u r e  4 - 4 0 .  
F i g u r e  4 -41 .  
F i g u r e  4 - 4 2 .  
F i g u r e  4 -43 .  
F i g u r e  4 - 4 4 .  
F i g u r e  4 - 4 5 .  
APD, 1 MHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  8  8  
APD, 2 M H z ,  v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  89 
APD, 6  MHz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  90 
APD, 14 ?Hz ,  v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  9  1 
APD, 32 IWz, v e r t i c a l  component ,  F a r l e y  
h e a d p i e c e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  92 
F i e l d  s t r e n g t h  e x c u r s i o n s  be tween  0 .001% 
and 99% o f  t h e  t i m e  a s  a  f u n c t i o n  o f  
f r e q u e n c y ,  v e r t i c a l  component ,  Cab in  Creek  94 
F i e l d  s t r e n g t h  e x c u r s i o n s  be tween  0 .001% 
and 99% of  t h e  t i m e  a s  a  f u n c t i o n  o f  f r e -  
quency ,  v e r t i c a l  component ,  q u i e t  t i m e ,  
Cabin  C r e e k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  95 
F i e l d  s t r e n g t h  e x c u r s i o n s  be tween  0 .001% 
and 99% o f  t h e  t i m e  a s  a  f u n c t i o n  o f  f r e -  
quency ,  v e r t i c a l  component ,  F a r l e y  p a n e l ,  
~ p y i l  1 7 ,  1 9 7 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - -  96 
F i e l d  s t r e n g t h  e x c u r s i o n s  be tween  0 .001% 
and 99% o f  t h e  t i m e  a s  a f u n c t i o n  o f  f r e -  
quency ,  v e r t i c a l  component ,  F a r l e y  h e a d -  
p i e c e ,  A p r i l  1 9 ,  1973 - - - - - - - - - - - - -  - - - - -  - - -  97 
ELECTROMAGNETIC NOISE IN ITMANN MINE 
Two d i f f e r e n t  t e c h n i q u e s  were used  t o  make 
measurements o f  t h e  a b s o l u t e  v a l u e  o f  e l e c t r o m a g -  
n e t i c  n o i s e  i n  an  o p e r a t i n g  c o a l  mine ,  Itmann No. 3  
Mine, l o c a t e d  n e a r  Mul lens ,  West V i r g i n i a .  The 
e l e c t r o m a g n e t i c  environment  c r e a t e d  by 2 5 0 - v o l t - d c  
and 550- and 9 5 0 - v o l t - a c  machinery i n  two l o n g w a l l  
p a n e l s  was measured and i s  r e p o r t e d .  One t e c h n i q u e  
measures n o i s e  o v e r  t h e  e n t i r e  e l e c t r o m a g n e t i c  
spec t rum o f  i n t e r e s t  f o r  b r i e f  t ime p e r i o d s .  I t  
i s  r e c o r d e d  u s i n g  broadband a n a l o g  magnet ic  t a p e ,  
and t h e  n o i s e  d a t a  i s  l a t e r  t r a n s f o r m e d  t o  g i v e  
s p e c t r a l  p l o t s .  The o t h e r  t e c h n i q u e  r e c o r d s  n o i s e  
ampl i tudes  a t  s e v e r a l  d i s c r e t e  f r e q u e n c i e s  f o r  a  
s u f f i c i e n t  amount o f  t ime t o  p r o v i d e  ampl i tude  
p r o b a b i l i t y  d i s t r i b u t i o n s  . 
The s p e c i f i c ,  measured r e s u l t s  a r e  g iven  i n  a  
number o f  s p e c t r a l  p l o t s  and ampl i tude  p r o b a b i l i t y  
d i s t r i b u t i o n  p l o t s .  
Key words:  Amplitude p r o b a b i l i t y  d i s t r i b u t i o n ;  c o a l  
mine n o i s e ;  d i g i t a l  d a t a ;  e l e c t r o m a g n e t i c  communica- 
t i o n s ;  e l e c t r o m a g n e t i c  i n t e r f e r e n c e ;  e l e c t r o m a g n e t i c  
n o i s e ;  F a s t  F o u r i e r  Transform;  Gauss ian  d i s t r i b u t i o n ;  
i m p u l s i v e  n o i s e ;  magnet ic  f i e l d  s t r e n g t h ;  measurement 
i n s t r u m e n t a t i o n ;  s p e c t r a l  d e n s i t y ;  t ime-dependent  
s p e c t r a l  d e n s i t y .  
1. INTRODUCTION 
This  r e p o r t  g i v e s  d a t a  conce rn ing  e l e c t r o m a g n e t i c  n o i s e  
i n  a  c o a l  mine t h a t  u s e s  dc  r a i l  hau lage  power and ac-powered 
conveyor b e l t  and l o n g w a l l  equipment .  I n  t h i s  s e c t i o n ,  back-  
ground i n f o r m a t i o n  and a  b r i e f  mine d e s c r i p t i o n  a r e  covered .  
I n  S e c t i o n  2 ,  measurement i n s t r u m e n t a t i o n  i s  d i s c u s s e d .  
I n  S e c t i o n  3 ,  s p e c t r a l  p l o t s  o f  d a t a  a r e  p r e s e n t e d .  I n  S e c t i o n  
4 ,  ampl i tude  p r o b a b i l i t y  d i s t r i b u t i o n s  (APD) o f  m a g n e t i c - f i e l d  
n o i s e  a r e  g i v e n .  
Only r e p r e s e n t a t i v e  samples  o f  t h e  t o t a l  d a t a  measured 
a r e  g i v e n  i n  t h i s  r e p o r t .  Only a  l i m i t e d  s e t  o f  d a t a -  
p r e s e n t a t i o n  f o r m a t s  have been  used .  I f  a d d i t i o n a l  d a t a ,  o r  
d a t a  p r e s e n t a t i o n  i n  o t h e r  f o r m a t s ,  a r e  r e q u i r e d ,  p l e a s e  
c o n t a c t  any of t h e  a u t h o r s .  P!ith s p e c i f i c  p e r m i s s i o n  of  t h e  
Bureau of  Mines,  we w i l l  s u p p l y  t h e  a d d i t i o n a l  d a t a .  A more 
complete  d e s c r i p t i o n  of  t h e  measurement sys tems used  i s  g i v e n  
i n  t h e  Robena Mine r e p o r t  [ I ]  and t h e  Grace Mine r e p o r t  [ Z ] .  
1.1 Background 
The need  f o r  r e l i a b l e  communication sys tems i n  mines i s  
a  l o n g - s t a n d i n g  problem. For emergency u s e ,  when a l l  power 
i n  a  mine i s  o f f ,  t h e  r e s i d u a l  e l e c t r o m a g n e t i c  n o i s e  i s  no 
problem. However, i f  a  communication s y s  tem were d e s i g n e d  o n l y  
f o r  emergency u s e ,  it would have two s e r i o u s  drawbacks.  F i r s t ,  
i t  would n o t  b e  r eady  f o r  immediate u s e  i n  an emergency; s e c o n d ,  
it would n o t  b e  of any v a l u e  d u r i n g  normal o p e r a t i o n s .  There -  
f o r e ,  t h e  Bureau of  Mines d e c i d e d  t o  d e s i g n  a  communication 
sys t em t h a t  c o u l d  be  used f o r  b o t h  emergency and normal  o p e r a -  
t i n g  c o n d i t i o n s .  
During o p e r a t i o n ,  t h e  machinery used  i n  mines c r e a t e s  a  
wide range  of many t y p e s  o f  i n t e n s e  e l e c t r o m a g n e t i c  i n t e r -  
f e r e n c e  ( E M I ) .  T h i s  EM1 i s  a  major  l i m i t i n g  f a c t o r  i n  t h e  
d e s i g n  o f  a  communication sys t em.  The work r e p o r t e d .  h e r e  
g i v e s  t h e  r e s u l t s  of comprehensive measurements o f  t h i s  EM1 
i n  c r i t i c a l  communication l o c a t i o n s  where miners  e x t r a c t  c o a l  
as  w e l l  a s  a l o n g  haulageways .  
There  a r e  s e v e r a l  EM1 p a r a m e t e r s  t h a t  can b e  measured:  
magne t i c  f i e l d  s t r e n g t h ,  H ;  e l e c t r i c  f i e l d  s t r e n g t h ,  E ;  con-  
d u c t e d  c u r r e n t ,  I ;  and v o l t a g e ,  V ,  between two c o n d u c t o r s .  
One p a r a m e t e r  was emphas ized ,  magnet ic  f i e l d  s t r e n g t h .  There 
a r e  s e v e r a l  r e a s o n s .  F i r s t ,  e l e c t r i c  f i e l d  s e n s o r s  a r e  v e r y  
i n s e n s i t i v e  a t  lower f r e q u e n c i e s ,  and hence p r o b a b l y  w i l l  n o t  
be u s e f u l  i n  any p r a c t i c a l  mine communication sys tem.  Second, 
a t  any a i r - e a r t h  i n t e r f a c e ,  only  t h e  magnetic  f i e l d  i s  e s s e n -  
t i a l l y  u n d i s t u r b e d ,  whi le  t h e  e l e c t r i c  f i e l d  i s  s e v e r e l y  
reduced.  T h i r d ,  any c u r r e n t s  w i l l  induce magnet ic  f i e l d s ,  
and hence measurement of t h e  magnet ic  f i e l d  w i l l  d i r e c t l y  
s e n s e  c u r r e n t s .  F o u r t h ,  power l i n e  v o l t a g e s  a r e  p ropaga ted  
as t r a n s m i s s i o n  l i n e  phenomena, a r e  d i r e c t l y  r e l a t e d  t o  t r a n s -  
miss ion  l i n e  c u r r e n t s ,  and hence t o  magnet ic  f i e l d s  induced.  
Thus, measuring magnetic  f i e l d  s t r e n g t h  g i v e s  a  r e p r e s e n t a t i v e  
composi te  p i c t u r e  of n o i s e  from c u r r e n t s  and v o l t a g e s  from 
most s o u r c e s .  
Although magnetic  f i e l d  s t r e n g t h  measurements a r e  empha- 
s i z e d  h e r e ,  even t h i s  one pa ramete r  i s  d i f f i c u l t  t o  measure 
m e a n i n g f u l l y .  The IEEE d e f i n i t i o n  [3]  of magnet ic  f i e l d  
s t r e n g t h ,  H (magnitude o f  t h e  magnetic  f i e l d  v e c t o r ) ,  i s  used  
i n  t h i s  r e p o r t .  The r e s u l t a n t  magnet ic  f i e l d  s t r e n g t h  n o i s e  
v e c t o r  i s  a  f u n c t i o n  of f r equency ,  t i m e ,  o r i e n t a t i o n ,  and 
l o c a t i o n .  Small v a r i a t i o n s  i n  t h e s e  pa ramete r s  can cause  
s e v e r a l  o r d e r s  o f  magnitude d i f f e r e n c e  i n  measured f i e l d  
s t r e n g t h .  
1 . 2  Mine D e s c r i p t i o n  
The r e s u l t s  and d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  based  
on measurements made on A p r i l  1 7  and 19 ,  1973,  i n  t h e  Itmann 
No. 3  Coal Vine l o c a t e d  n e a r  Mul lens ,  sou thwes t  o f  Beckley,  
West V i r g i n i a .  The mine be longs  t o  Conso l ida t  ion  Coal Company. 
The coa l  i n  t h i s  mine occurs  i n  a  narrow seam, approximate ly  
one meter  t h i c k ,  and i s  c a l l e d  " low-coa l . "  The measurements 
were made i n  t h e  two s e c t i o n s  of t h e  mine u s i n g  t h e  longwal l  
mining t e c h n i q u e .  These s e c t i o n s  were c a l l e d  Cabin Creek pane l  
and F a r l e y  p a n e l  and were s e p a r a t e d  by about  1500 mete r s  a t  
t h e  time of  measurement. Overburden a t  Cabin Creek was 
290 m e t e r s  and a t  F a r l e y  was 440 m e t e r s .  The mine h a s  s e v e n  
c o n v e n t i o n a l  , r o o m - a n d - p i l l a r  s e c t  i o n s  ; measu remen t s  were  
r e s t r i c t e d  t o  t h e  l o n g w a l l  p a n e l s .  
The mine u s e s  250 V d c  t r o l l e y  5 a u l a g e  t o  c a r r y  c o a l  o u t  
o f  t h e  m i n e ,  and a c  powered conveyo r  b e l t  h a u l a g e  f rom t h e  
s e c t i o n  t o  t h e  t r o l l e y .  . A 1 1  o f  t h e  s e c t i o n  l o n g w a l l  m i n i n g  
equ ipmen t  i s  a c  powered ,  w i t h  t h e  e x c e p t i o n  o f  a  dc -powered  
c a b l e  winch  wh ich  was u s e d  o c c a s i o n a l l y  t o  advance  p o r t i o n s  
o f  t h e  l o n g w a l l  e q u i p m e n t .  The f a c e  and a s s o c i a t e d  l o n g w a l l  
equ ipmen t  were  145 m e t e r s  l o n g .  Each o f  t h e  s e p a r a t e  components  
o f  t h e  l o n p w a l l  m i n i n g  equ ipmen t  was made by  a d i f f e r e n t  
m a n u f a c t u r e r ,  t y p i c a l l y  i n  England  o r  S c o t l a n d .  T h e r e  were  a  
t o t a l  o f  s i x  e l e c t r i c  m o t o r s  i n  t h e  s e c t i o n  r a n g i n g  f rom 15 t o  
300 F!P. The s h e a r  and f a c e  conveyo r  u s e d  950 v o l t s  and t h e  
s t a g e  l o a d e r  and h y d r a u l i c  pumps u s e d  550 v o l t s .  The s t e p -  
down t r a n s f o r m e r  s u p p l y i n g  t h e s e  v o l t a g e s  i s  k e p t  45 t o  230 
m e t e r s  back  f rom t h e  f a c e ,  and i s  s l , ~ p p l i e d  w i t h  1 3 , 2 0 0  v o l t s .  
V e r t i c a l  c l e a r a n c e  f o r  p e r s o n n e l  p a s s a g e  i n  Cab in  C r e e k  
p a n e l  was l i m i t e d  t o  t h e  1 . 0  m e t e r  l e f t  by  t h e  e x t r a c t e d  c o a l .  
In  F a r l e y  p a n e l ,  c l e a r a n c e  was i n c r e a s e d  t o  1 . 2  m e t e r s  by t h e  
remova l  o f  some s h a l e  i n  t h e  p e r s o n n e l  p a s s a g e w a y s .  
A c o u s t i c a l  n o i s e  a t  t h e  l o n g w a l l  f a c e  may be  h i g h  enough  
t o  s e r i o u s l y  d e g r a d e  v o i c e  communica t ion  s y s t e m s .  
2 . MEASUREMENT INSTRUMENTAT I O N  
Two measurement t e c h n i q u e s  were u s e d .  In  t h e  f i r s t  
t e c h n i q u e  u s e d  a  l a r g e  p o r t i o n  of  t h e  spec t rum i s  c o v e r e d  a s  
a  " snapsho t "  a t  one r e l a t i v e l y  s h o r t  p e r i o d  of  t i m e .  In  
t h r e e  - d i m e n s i o n a l  form,  s e v e r a l  such  " s n a p s h o t s "  can show how 
d r a s t i c a l l y  a  s i g n a l  v a r i e s ,  n o t  o n l y  w i t h  f r e q u e n c y ,  b u t  
a l s o  w i t h  t i m e .  I n  t h e  second  t e c h n i q u e ,  v a r i a t i o n s  o v e r  a  
20 -minu te  t i m e  i n t e r v a l  a r e  measured  a t  one f r e q u e n c y .  
U s u a l l y ,  a  s e t  of twe lve  d i f f e r e n t  f r e q u e n c i e s  was u s e d .  
Both t e c h n i q u e s  were used  t o  measure two o r t h o g o n a l  compo- 
n e n t s  of  m a g n e t i c  f i e l d  s t r e n g t h .  T h i s  was done e i t h e r  by 
u s i n g  two s y s  tems s i m u l t a n e o u s l y  o r  by v a r y i n g  t h e  o r i e n t a t i o n  
of  one s y s t e m ;  b o t h  t e c h n i q u e s  were u s e d  i n  a s  many d i f f e r e n t  
l o c a t i o n s  a s  p o s s i b l e .  
With t h e  e x c e p t i o n  of t h e  e l e c t r i c  d i p o l e  s p e c t r a l  p l o t s  
and t h e  r o o f - b o l t  APD's, a l l  measured n o i s e  i s  r e p o r t e d  i n  
a b s o l u t e  q u a n t i t i e s  ( i n s t e a d  of  r e l a t i v e )  t o  a l l o w  o t h e r s  t o  
make e f f e c t i v e  u s e  of  t h e  d a t a .  For  t h e  magne t i c  f i e l d  s t r e n g t h  
measurements ,  t h e  NBS f i e l d  c a l i b r a t i o n  s i t e  [ 4 ]  was u s e d  w i t h  
each  comple te  measurement sys t em t o  a s s u r e  c o r r e c t  c a l i b r a t i o n .  
A c o m p l i c a t i o n  t o  making t h e s e  measurements  i s  t h e  mine 
e n v i r o n m e n t ,  which i s  g e n e r a l l y  humid, d u s t y ,  p o o r l y  l i g h t e d ,  
and p o t e n t i a l l y  e x p l o s i v e .  In  Itmann Mine, t h e  r e s t r i c t  i o n  
caused  by  t h e  one m e t e r  c l e a r a n c e  i n  t h e  passageways caused  
a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  t o t a l  number o f  l o c a t i o n s  where 
measurements  c o u l d  b e  made. B a t t e r y - o p e r a t e d ,  d u s t - p r o t e c t e d ,  
p e r m i s s i b l e  g e a r  was used  f o r  most  of  o u r  p o r t a b l e  measu r ing  
equ ipmen t .  
The re  a r e  two t y p e s  o f  n o i s e  r e c o r d e d  i n  t h e  s p e c t r a l  p l o t s ,  
and hence  two d i f f e r e n t  m a g n e t i c  f i e l d  s t r e n g t h  p a r a m e t e r s  a r e  
r e q u i r e d ,  H and H d .  R e s u l t s  a r e  g i v e n  a s  t h e  rms v a l u e  o f  one 
component of  magne t i c  f i e l d  s t r e n g t h  , H ,  v e r s u s  f r e q u e n c y  f o r  
d i s c r e t e  f r e q u e n c i e s ,  o r  a s  one component o f  m a g n e t i c - f i e l d -  
s t r e n g t h  s p e c t r u m  d e n s i t y  l e v e l  [ 3 ]  , H d ,  v e r s u s  f r e q u e n c y  f o r  
b roadband  n o i s e  i n  t h e  s p e c t r a l  p l o t s .  I n  t h e  a m p l i t u d e  
p r o b a b i l i t y  d i s t r i b u t i o n s ,  r e s u l t s  a r e  g i v e n  a s  t h e  rms v a l u e  
o f  one component of m a g n e t i c  f i e l d  s t r e n g t h  v e r s u s  p e r c e n t  o f  
t ime  t h i s  v a l u e  i s  exceeded .  The APD g i v e s  t h e  d i s t r i b u t i o n  
o f  t h e  a c t u a l  i n s t a n t a n e o u s  v a l u e s  o n l y  a s  f a r  a s  t h e  
measurement -sys tem d e t e c t o r  bandwidth  w i l l  a l l o w  t h e  d e t e c t o r  
t o  f o l l o w  t h e  t i m e  v a r i a t i o n s  o f  t h e  a c t u a l  m a g n e t i c  f i e l d .  
( I n  t h i s  c o n t e x t ,  n o i s e  e n v e l o p e  i s  sometimes u s e d .  ) Thus ,  
t h e  r e s u l t s  a r e  a p p l i c a b l e  f o r  a  communicat ion r e c e i v e r  whose 
bandwidth  i s  s i m i l a r  t o  t h e  measurement - s y s t e m  d e t e c t o r  
bandwid th .  
Three  measurement sys t ems  were used  t o  make measurements  
unde rg round .  The t h r e e  sys t ems  a r e  d e s c r i b e d  i n  t h e  b l o c k  
d i ag rams  shown i n  f i g u r e s  2 - 1 ,  2 - 2 ,  and 2 - 3 .  For  a  d e t a i l e d  
d e s c r i p t i o n  o f  t h e s e  s y s t e m s ,  s e e  two p r e v i o u s  r e p o r t s  [ 1 , 2 ] .  
The re  a r e  some d i f f e r e n c e s  i n  t h e  sys t ems  u s e d  i n  Itmann Mine 
from t h e  sys t ems  used  i n  Robena # 4 .  The sys t ems  u s e d  i n  
I tmann a r e  t h e  same ones  u s e d  i n  Grace .  
The f i r s t  s y s t e m  measu res  d a t a  f o r  s p e c t r a l  p l o t s  and 
i s  f u l l y  p e r m i s s i b l e  and p o r t a b l e .  The second  s y s t e m  meas - 
u r e s  d a t a  f o r  s t a t i s t i c a l  c l . s s c r i p t i o n s  o f  t ime  v a r i a t i o n s ,  
most commonly a m p l i t u d e  p r o b a b i l i t y  d i s t r i b u t i o n ;  it i s  a l s o  
p e r m i s s i b l e .  The t h i r d  s y s t e m  i s  n o t  p e r m i s s i b l e  b u t  i s  
p o r t a b l e  ( w i t h  c o n s i d e r a b l e  e f f o r t )  ; it r e c o r d s  d a t a  f o r  b o t h  
s p e c t r a l  p l o t s  and s t a t i s t i c a l  p r e s e n t a t  i o n s .  
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F i g u r e  2-1 Block d i a g r a m  o f  p o r t a b l e  i n s t r u m e n t a t i o n .  FM 
t r a c k s  a r e  u s e d  t o  r e c o r d  f rom 4 0 H z  t o  100 kHz; 
d i r e c t  t r a c k s  a r e  u s e d  f rom 3  kHz t o  320 kHz. 
Sys tems  2 and  3  a r e  i d e n t i c a l  t o  s y s t e m  1. When 
t h e  d i r e c t  t r a c k s  a r e  u s e d ,  t h e  100-kHz low p a s s  
f i l t e r s  a r e  e l i m i n a t e d ,  and  t h e  a m p l i f i e r  band-  
w i d t h  i s  i n c r e a s e d  f rom 100 kHz t o  300 kHz. The 
mic rophone  i s  u s e d  f o r  o c c a s i o n a l  v o c a l  comments 
b y  t h e  o p e r a t o r .  
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Figure 2-2 System f o r  f i e l d  recording d a t a  t o  o b t a i n  amplitude 
p r o b a b i l i t y  d i s t r i b u t i o n s .  
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F i g u r e  2 -3  Block diagram of  laboratory  recording sys t e n  modif ied 
f o r  f i e l d  use. 
3. SPECTRUPI MEASIJREPlENT RESULTS 
3 . 1  I n t r o d u c t i o n  and U n c e r t a i n t i e s  
- -- 
In t h i s  s e c t i o n  of t h e  r e p o r t ,  spect rum p l o t s  a r e  
p r e s e n t e d  and d i s c u s s e d .  Most of t h e s e  p l o t s  p r e s e n t  magnet ic  
f i e l d  s t r e n g t h  up t o  1 0 0  kHz. Measurements were made a t  many 
d i f f e r e n t  l o c a t i o n s  and r e s u l t s  can be  used t o  c h a r a c t e r i z e  
e l e c t r o m a g n e t i c  n o i s e  l e v e l s  g e n e r a t e d  by most f i x e d  and 
mobile equipment used i n  t h i s  mine. Some p l o t s  g ive  d a t a  
t o  3  kHz, 2 0  kHz, and 230 kHz. 
The s p e c t r a  t o  1 0 0  kHz, t o  3  kHz, and t o  2 0  kHz have 
u n c e r t a i n t i e s  of + 1 dB over  t h e  f o l l o w i n g  p o r t i o n s  of t h e  
s p e c t r a .  The 1 0 0  kHz s p e c t r a  a r e  v a l i d  e i t h e r  from 1 t o  1 0 0  
ltHz o r  1 0  kHz t o  1 0 0  kHz as  s t a t e d  o r  shown. The 3  kHz s p e c t r a  
have t h e  k 1 dB u n c e r t a i n t y  from 1 0 0  H z  t o  3  kHz. Between 4 0  H z  
and 1 0 0  H z  t h e  u n c e r t a i n t y  i s  k 6 dB. The 2 0  kHz s p e c t r a  
have an u n c e r t a i n t y  of  + 1 dB from 750 Hz t o  2 0  kHz. 
The s p e c t r a  shown t o  230 kHz have an u n c e r t a i n t y  of  + 2 dB 
from 3  kHz t o  180 kHz. 
3 .2  Antenna S i t e s  
Figure  3 - 1  i s  a map of Cabin Creek pane l  a s  i t  was on 
A p r i l  1 7 ,  1973, t h e  f i r s t  day measurements were made. The 
s h e a r  would o p e r a t e  back and f o r t h  a c r o s s  t h e  f a c e ,  as  t h e  
mining o p e r a t i o n  advanced. The r e c o r d i n g  equipment was s e t  up 
i n  t h e  d i n n e r  man h o l e ,  and t h e  an tennas  were deployed i n  t h e  
l o c a t i o n s  l a b e l e d  A and R .  
On t h e  second day measurements were made i n  F a r l e y  p a n e l ,  
which has  s i m i l a r  equipment but  was a r ranged  i n  t h e  m i r r o r  
image of Cabin Creek p a n e l .  The l a y o u t  can be  de termined by 
look ing  a t  f i g u r e  3 - 1  through t h e  back s i d e  of t h e  drawing.  
No s e p a r a t e  map i s  g iven  f o r  F a r l e y  p a n e l .  
3 . 3  E l e c t r o m a g n e t i c  Noise Spectrum R e s u l t s  
3 . 3 . 1  I n t e r p r e t a t i o n  
When r e a d i n g  v a l u e s  from t h e  s p e c t r a  i n  t h i s  r e p o r t ,  
keep t h e  f o l l o w i n g  p o i n t s  i n  mind: 
1. F i e l d  s t r e n g t h  v a l u e s  above t h e  upper  r o l l - o f f  
f r equency  and below t h e  lower r o l l  - o f f  f r equency  a r e  
n o t  c a l i b r a t e d  and a r e  t h e r e f o r e  n o t  shown on t h e  s p e c t r a .  
2 .  The c o r r e c t  u n i t s  f o r  t h e  s p e c t r a l  peaks  a r e  m i c r o -  
amperes p e r  meter  (pA/m) . 
3. The broadband n o i s e  between s p e c t r a l  peaks  i s  a s  
s e e n  by a  r e c e i v e r  having  t h e  same bandwidth a s  t h e  F a s t  
F o u r i e r  Transform (FFT) s p e c t r a l  r e s o l u t i o n  bandwidth 
used  t o  compute t h e  spect rum.  The c o r r e c t  u n i t s  f o r  t h e  
background n o i s e  between peaks a r e  microamperes p e r  m e t e r  
p e r  s q u a r e  r o o t  x  h e r t z  [ ( p ~ / m ) / / s ] ,  where x  i s  t h e  
s p e c t r a l  r e s o l u t i o n  of t h e  FFT (x e q u a l s  78 .1  Hz f o r  t h e  
1 - t o - 1 0 0  -kHz g raphs )  . 
An e a s y  way t o  o b t a i n  t h e  s p e c t r a l  d e n s i t y  p e r  (one) 
r o o t  h e r t z  f o r  .broadband n o i s e  i s  t o  s u b t r a c t  t h e  r e q u i r e d  
number of  dB, remembering t h a t  t h e  u n i t s  have now changed t o  
( p ~ / m ) / / K .  For  s p e c t r a  w i t h  a  r e s o l u t i o n  bandwidth o f  78 .1  
I l z ,  s u b t r a c t  1 0  loglO (78 .1)  o r  18 .93  dB. 
The Appendix g i v e s  t h e  code key used  i n  d e t e r m i n i n g  t h e  
meaning of t h e  numbers i n  t h e  h e a d e r  b lock  a t  t h e  t o p  o f  
each  spect rum.  The r e s o l u t i o n  bandwidth i s  a l s o  g i v e n  on t h e  
o r d i n a t e  of  t h e  p l o t s .  
3 .3 .2  Cabin Creek Panel  
F igure  3-2  upper  c u r v e ,  shows t h e  magnet ic  f i e l d  n o i s e  
spec t rum from 1 kHz t o  100 kHz r e c e i v e d  a t  t h e  an tenna  l o c a -  
t i o n  i d e n t i f i e d  as  A ( i n  f i g u r e  3 - 1 ) .  The antenna  s e n s i t i v e  
a x i s  was v e r t i c a l .  L o c a t i o n  A i s  n e a r  t h e  d i n n e r  man h o l e ,  
10 me te r s  from t h e  end  of  t h e  f a c e ,  and i s  a  busy a r e a  i n  t h e  
s e c t i o n .  The lower cu rve  i n  t h i s ,  and i n  f o l l o w i n g  f i g u r e s ,  
i s  t h e  r e c e i v i n g  sys t em n o i s e .  I t  i s  i n c l u d e d  t o  i n d i c a t e  
f r e q u e n c y  r a n g e s  i n  which s y s t e m  n o i s e  may p r e d o m i n a t e .  The 
lower cu rve  i s  o b t a i n e d  by r e p l a c i n g  t h e  loop  a n t e n n a  w i t h  a  
dummy a n t e n n a .  Th i s  f i g u r e  shows d a t a  from 1 kHz t o  100 kHz 
from one sys t em and from 10 kHz t o  100 kHz from a n o t h e r  sys t em 
t h a t  had  lower sys t em n o i s e .  An obvious  f e a t u r e  i n  f i g u r e  3 - 2  
i s  a  s i g n a l  a t  17 .8  kHz. T h i s  i s  from t h e  U.S. Navy t r a n s m i t -  
t e r  NAA l o c a t e d  i n  C u t l e r ,  Maine.  With t h e  e x c e p t i o n  of  one 
s h a l l o w  l o c a t i o n  i n  a  h a r d r o c k  mine ,  t h i s  i s  t h e  o n l y  u n d e r -  
ground mine l o c a t i o n  where r e c e p t i o n  of  a  d i s t a n t  VLF s t a t i o n  
o c c u r r e d .  T h i s  s t r o n g  s i g n a l  from NAA i n  a  c o a l  mine unde r  
t h i s  l a r g e  ove rburden  (290 m e t e r s )  i s  v e r y  u n u s u a l .  The mine-  
g e n e r a t e d  n o i s e  shown on f i g u r e  3 -2  e x t e n d s  t o  100 kHz a t  t h e  
-20 dB r e l a t i v e  t o  1 pA/m l e v e l .  Between 60 and 75 kHz, t h e r e  
i s  a  d i p  i n  ampl i tude  o f  8  dB o r  more.  F i g u r e  3 - 3  shows t h e  
expanded spec t rum a t  l o c a t i o n  A ,  t e n  m e t e r s  from t h e  end  o f  
t h e  longwa l l  f a c e ,  w i t h  t h e  mine o p e r a t i n g .  F i g u r e  3 - 3  shows 
a  n o i s e  spec t rum dominated  by p o w e r l i n e  harmonics  o f  60 Hz. 
F i g u r e  3 -4  was measured a t  l o c a t i o n  B ,  f i v e  m e t e r s  from 
t h e  end  of  t h e  l o n g w a l l  f a c e ,  w i t h  t h e  mine i n  o p e r a t i o n .  
The n o i s e  spec t rum a t  l o c a t i o n  B ,  w i t h  t h e  a n t e n n a  a x i s  v e r -  
t i c a l ,  h a s  abou t  t h e  same s h a p e  a s  t h e  spec t rum a t  l o c a t i o n  A ,  
b u t  i s  4 t o  10 dB h i g h e r .  The s p e c t r a  r e c o r d e d  a t  B ,  a s  a t  
l o c a t i o n  A ,  shows a  r i s e  i n  n o i s e  l e v e l  from about  80 kHz t o  
100 kHz. F i g u r e  3 - 5  shows t h e  expanded spec t rum a t  l o c a t i o n  
B .  The spec t rum t a k e n  w i t h  t h e  a n t e n n a  s e n s i t i v e  a x i s  h o r i -  
z o n t a l  g i v e s  4  t o  10 dB l e s s  n o i s e  t h a n  w i t h  t h e  s e n s i t i v e  
a x i s  v e r t i c a l .  F i g u r e  3-6 shows t h e  expanded spec t rum a t  l o c a  
t i o n  B l a t e r ,  d u r i n g  t h e  second  s h i f t ,  w i t h  t h e  mine i n  f u l l  
o p e r a t i o n .  F i g u r e  3 - 6  i s  i n c l u d e d  b e c a u s e  o f  t h e  h i g h  l e v e l  
(108 dB r e l a t i v e  t o  1 pA/m) of  60 Hz n o i s e .  
F i g u r e  3 -7  shows t h e  n o i s e  spec t rum measured a t  Cabin 
Creek p a n e l  d u r i n g  t h e  q u i e t  t ime  between s h i f t s  a t  l o c a t i o n  
B .  T h i s  spec t rum i s  about  1 0  t o  2 0  dB q u i e t e r  t h a n  when t h e  
mine i s  i n  f u l l  o p e r a t i o n .  F i g u r e  3 - 8  shows t h e  expanded 
spect rum measured a t  l o c a t i o n  B between s h i f t s .  The 60 H z  
n o i s e  h e r e  i s  46 dB lower t h a n  when t h e  mine was i n  f u l l  
o p e r a t i o n  d u r i n g  t h e  second s h i f t .  
3 . 3 . 3  F a r l e y  Pane l  
F igure  3-9 shows t h e  spect rum measured t e n  me te r s  from 
t h e  end o f  t h e  longwal l  f a c e  i n  F a r l e y  p a n e l .  F a r l e y  p a n e l  
was t h e  m i r r o r  image of Cabin Creek.  The measurement l o c a -  
t i o n  f o r  f i g u r e  3-9  co r responds  t o  l o c a t i o n  A on f i g u r e  3 - 1 .  
While t h e  n o i s e  i n  F a r l e y  between 1 0  kHz and 20  kHz i s  some- 
t imes  as  much as  1 0  dB h i g h e r  t h a n  i n  Cabin Creek,  g e n e r a l l y ,  
t h e  n o i s e  i n  F a r l e y  may be  c o n s i d e r e d  lower t h a n  t h e  n o i s e  i n  
Cabin Creek p a n e l .  N e i t h e r  t h e  s i g n a l  from NAA n o r  t h e  i n -  
c r e a s e  i n  n o i s e  between 80 and 1 0 0  kHz show up i n  F a r l e y .  
F i g u r e  3-10 shows t h e  expanded spect rum a t  l o c a t i o n  A ,  F a r l e y  
p a n e l ,  w i t h  t h e  mine i n  o p e r a t i o n .  In  F a r l e y ,  t h e  60 H z  n o i s e  
i s  2 4  dB l o w e r ,  t h e  360 H z  n o i s e  i s  t h e  same a m p l i t u d e ,  and 
most o t h e r  harmonics a r e  lower by a s  much a s  15 dB, t h a n  a t  
Cabin Creek.  
F igure  3-11 shows t h e  spect rum measured a t  F a r l e y  p a n e l ,  
t e n  me te r s  from t h e  end of t h e  longwal l  m i n e r ,  d u r i n g  t h e  q u i e t  
t ime a t  lunch hour .  Only t h e  h y d r a u l i c  pump, a s s o c i a t e d  w i t h  
t h e  134 roof  j a c k s ,  was runn ing .  T h i s  pump was l e f t  runn ing  
much o f  t h e  t i m e .  The spect rum i s  e s s e n t i a l l y  t h e  same as  
shown i n  f i g u r e  3-9  when t h e  mine was i n  o p e r a t i o n .  F i g u r e  
3-12 shows t h e  expanded spect rum a t  F a r l e y  d u r i n g  lunch  h o u r .  
The n o i s e  a t  60 H z  i s  4 dB lower d u r i n g  lunch h o u r .  With some 
minor v a r i a t i o n ,  t h e  remainder  of  t h e  expanded spect rum i s  
about t h e  same d u r i n g  lunch hour  a s  d u r i n g  mine o p e r a t i o n .  
F i g u r e s  3 - 1 3  and  3-14 show t h e  s p e c t r u m  r e c o r d e d  i n  
F a r l e y  p a n e l ,  t e n  m e t e r s  f rom t h e  end  o f  t h e  l o n g w a l l  f a c e .  
The ac -powered  conveyor  b e l t  was j u s t  s t a r t i n g  u p .  E v i d e n t  
on f i g u r e  3 - 1 3  i s  p o w e r l i n e  r e l a t e d  n o i s e  o u t  t o  100 kHz, 
o c c u r r i n g  w i t h  b r o a d  peaks  a b o u t  e v e r y  20 kHz. T h i s  n o i s e  
s i g n a t u r e  i s  p r o b a b l y  a s s o c i a t e d  w i t h  an a c  motor  s t a r t i n g ,  
and i s  p r o b a b l y  of c o r r e s p o n d i n g l y  s h o r t  d u r a t i o n .  F i g u r e  
3-14 shows 7  dB h i g h e r  60 Hz n o i s e  t h a n  w i t h  t h e  mine i n  
o p e r a t  i o n  ( f i g u r e  3  -10)  . I n d u c t i o n  mo to r s  t y p i c a l l y  r e q u i r e  
abou t  2 . 5  t i m e s  ( 8  dB) more c u r r e n t  t o  s t a r t  t h a n  t o  r u n .  
P r o b a b l y  t h e  i n c r e a s e d  60 Hz n o i s e  comes f rom t h e  i n c r e a s e d  
s t a r t i n g  c u r r e n t  b e i n g  drawn b y  t h e  s t a r t i n g  of t h e  conveyor -  
b e l t  mo to r .  
Da ta  t a k e n  w i t h  t h e  t h i r d  s y s t e m  i n  F a r l e y  P a n e l  a r e  
shown i n  t h e  f o l l o w i n g  f i g u r e s .  F i g u r e  3-15 shows a  s p e c t r u m  
f rom 0 . 8  t o  20 kHz t a k e n  abou t  t h r e e  m e t e r s  f rom an  o p e r a t i n g  
s h e a r  on t h e  l o n g w a l l  machine .  F i g u r e  3-16 shows t y p i c a l  
n o i s e  a t  t h e  e n d  of t h e  r a i l  h a u l a g e ,  a b o u t  200 m e t e r s  f rom 
t h e  l o n g w a l l  f a c e .  F i g u r e s  3 -17  and 3 - 1 8  show two components 
o f  n o i s e  g e n e r a t e d  by  an u n i d e n t i f i e d  p i e c e  o f  m a c h i n e r y .  
F i g u r e  3-19  shows an expanded  ( t o  20 kHz) s p e c t r a  o f  f i g u r e  
3 -17 .  The re  were  s t r o n g  cw s i g n a l s  a t  f r e q u e n c i e s  h i g h e r  t h a n  
o u r  s y s  tems were  n o r m a l l y  o p e r a t e d ;  however ,  two i l l u s t r a t i o n s  
a r e  shown a t  f r e q u e n c i e s  h i g h e r  t h a n  t h e  s y s t e m ' s  c a l i b r a t i o n  
i s  v a l i d .  One s i g n a l  shown i n  f i g u r e s  3 -20  and 3 - 2 1  i s  
a t  202.5 kHz; i t  may b e  a  c o n t r o l  s i g n a l  s p e c i f i c  t o  t h i s  
mine .  I t  d i d  g e n e r a t e  h i g h e r  ha rmon ic s  t h a t  were d e t e c t e d  
w i t h  o t h e r  e q u i p m e n t .  
3 .4  M i s c e l l a n e o u s  Measurements  
3 . 4 . 1  E l e c t r i c  F i e l d  
An a c t i v e  d i p o l e ,  1 . 9 3  m e t e r s  l o n g ,  was u s e d  a s  a  s e n s o r  
on t h e  s econd  day w h i l e  i n  F a r l e y  p a n e l .  T h i s  d i p o l e  h a s  n o t  
been c a l i b r a t e d ,  n o r  have any system n o n l i n e a r i t i e s  i n  g a i n  
v s .  f requency been removed by a  c o r r e c t i o n  c u r v e .  T h e r e f o r e ,  
a l l  f i e l d  s t r e n g t h  i n f o r m a t i o n  i s  on ly  q u a l i t a t i v e .  F i g u r e  
3-22 shows unprocessed  d a t a  r e s u l t s  o b t a i n e d  w i t h  t h e  d i p o l e  
ends p o i n t e d  p a r a l l e l  w i t h  t h e  d r i f t  and 0.75 mete r s  from t h e  
phone l i n e .  Measurements t a k e n  w i t h  t h e  d i p o l e  p o i n t e d  a c r o s s  
( p e r p e n d i c u l a r  t o )  t h e  d r i f t  gave f i e l d s  t h a t  were 1 0  t o  2 0  dB 
s t r o n g e r  than  t h o s e  shown i n  f i g u r e  3 -22 .  F i e l d s  were 2 0  t o  
30 dB weaker when t h e  d i p o l e  was 4 me te r s  from t h e  phone l i n e .  
This  i n d i c a t e s  t h e  n o i s e  was coming from t h e  phone l i n e .  The 
e l e c t r i c  f i e l d  d a t a  shown i n  f i g u r e  3-22 was t a k e n  s i m u l t a -  
n e o u s l y  w i t h  t h e  magnet ic  f i e l d  d a t a  i n  two p r e v i o u s  f i g u r e s ,  
3-13 and 3-14.  The mine conveyor b e l t  was j u s t  s t a r t i n g  up.  
There i s  some s i m i l a r i t y  i n  t h e  g e n e r a l  shape  of  t h e  two 1 kHz 
t o  100 kHz s p e c t r a  shown i n  f i g u r e s  3 -13  and 3 -22 .  
Because of t h e  r e l a t i v e  n a t u r e  o f  t h e  e l e c t r i c  f i e l d  
measurements ,  t h e  p r i n c i p a l  conc lus  i o n s  t h a t  can b e  drawn 
a r e  r e s t r i c t e d  t o :  (1)  an e l e c t r i c  n o i s e  f i e l d  e x i s t s  i n  
F a r l e y  p a n e l ;  (2) i t  i s  p r i m a r i l y  power l ine  r e l a t e d ,  s i m i l a r  
t o  t h e  magnetic  f i e l d  n o i s e ;  (3) t h e  e l e c t r i c  n o i s e  f i e l d  i s  
maximum f o r  h o r i z o n t a l  d i p o l e  o r i e n t a t  i o n  a c r o s s  (perpen-  
d i c u l a r  t o )  t h e  d r i f t ;  and (4) t h e  s o u r c e  of  t h e  e l e c t r i c  
f i e l d  n o i s e  appears  t o  be t h e  phone l i n e .  
3 . 4 . 2  Measurements of  Vol tage  Between Roof B o l t s  
A s  i n g l e  roof  - s u p p o r t  - b o l t  measurement was performed a t  
F a r l e y  p a n e l  on t h e  second day.  The s e p a r a t i o n  between t h e  two 
b o l t s  was 15 .2  m e t e r s ,  and t h e  v o l t a g e  was measured u s i n g  non-  
s h i e l d e d  copper wi re  c l i p p e d  t o  t h e  b o l t s .  F i g u r e s  3 -23  
and 3-24 show t h e  r e s u l t i n g  s p e c t r a .  No r e c e i v e r  sys tem n o i s e  
curves  a r e  a v a i l a b l e  f o r  t h e s e  s p e c t r a .  I t  i s  n o t  p o s s i b l e  t o  
s a y  t h a t  t h e  v o l t a g e  measured between b o l t s  was induced by any 
s i n g l e  mechanism. I t  may b e  any c o m b i n a t i o n  of  e l e c t r i c  f i e l d  
and m a g n e t i c  f i e l d  a c t i n g  on t h e  c o p p e r  w i r e s  c o n n e c t e d  t o  t h e  
b o l t s ,  a s  w e l l  a s  by  any p o t e n t i a l  p roduced  by  c u r r e n t  f l o w  
be tween  t h e  b o l t s .  
3 . 5  I n t e r c o m p a r i s o n  o f  D i f f e r e n t  Mines 
3 . 5 . 1  Roof B o l t  V o l t a g e  I n t e r c o m p a r i s o n  
F i g u r e  3-25  shows a  summary t a b l e  of  t h e  rms n o i s e  v o l t a g e  
measured  be tween  r o o f  b o l t s  o f  v a r i o u s  s p a c i n g s ,  i n  f o u r  m i n e s .  
L o g a r i t h m i c  
Frequency  Roof B o l t  V o l t a g e  Aver age  
Mine -- (Hz) dB R e l a t i v e  t o  1 V r m s  V o l t  age 
I tmann 1080 
( c o a l )  2160 
McE l r o y  1080 
( c o a l )  2160 
Grace 1080 
( h a r d r o c k )  2160 
Rob ena  10 80 
( c o a l )  2160 
F i g u r e  3 - 2 5 .  Summary o f  t h e  rms n o i s e  v o l t a g e  measured  
unde rg round  be tween  r o o f  - s u p p o r t  - b o l t s  i n  f o u r  m i n e s .  
The l o g a r i t h m i c  a v e r a g e  i s  t h e  a r i t h m e t i c  a v e r a g e  of  t h e  dB 
v a l u e s .  Two f r e q u e n c i e s  w i t h i n  t h e  v o i c e  baseband  were  c h o s e n  
f o r  compar i son :  1080 Hz, t h e  t h i r d  ha rmon ic  o f  360 H z ,  and 
2160 H z ,  t h e  s i x t h  ha rmon ic  o f  360 H z .  The r e s u l t s  show t h a t  
t h e  l o g a r i t h m i c  a v e r a g e s  f o r  t h e s e  two f r e q u e n c i e s  g i v e  t h e  
h i g h e s t  v o l t a g e  ( - 5 3  dB w i t h  r e s p e c t  t o  1 V rms) f o r  I t m a n n ,  
and t h e  l o w e s t  v a l u e  f o r  Robena ( - 8 1 . 5  dB w i t h  r e s p e c t  t o  
1 V rms) . P o s s i b l y  a  f a c t o r  c o n t r i b u t i n g  t o  t h e  low r o o f  
b o l t  v o l t a g e  i n  Robena,  i s  t h e  f a c t  t h a t  t h e  b o l t s  were on a  
l i n e  p e r p e n d i c u l a r  t o  t h e  haulageway.  In I tmann,  t h e  b o l t s  
were on a  l i n e  a l o n g  t h e  haulageway.  I n  McElroy and Grace 
t h i s  d i s t i n c t i o n  cou ld  n o t  be  made. 
3 .5 .2  Summary of 1 kHz t o  3  kHz Data 
F i g u r e  3-26 i s  a  summary of magnet ic  f i e l d  s t r e n g t h  a t  
power l ine  harmonic f r e q u e n c i e s  observed w i t h i n  Itmann ( a c -  
powered l o n g w a l l ) ,  Robena ( a l l  600 v  dc)  and t h e  Grace ( d i e s e l -  
powered hau lage )  mines .  P l o t t e d  a r e  t h e  dB a v e r a g e s  of s i x  
power l ine  harmonics .  T h i s  l o g a r i t h m i c  ave rage  masks t h e  
h i g h e s t  s i n g l e  v a l u e .  Average f i e l d s  a t  f i v e  l o c a t i o n s  i n  
Itmann a r e  p l o t t e d  a s  a  f u n c t i o n  of d i s t a n c e  from t h e  n e a r e s t  
c u r r e n t - c a r r y i n g  c a b l e  o r  w i r e .  The s i x  f r e q u e n c i e s  chosen  
, a r e  between 1020 Hz  and 2940 Hz  and a r e  e i t h e r  t h e  t h i r d  
th rough  e i g h t h  harmonic of 360 H z ,  o r  t h e  h i g h e s t  a d j a c e n t  
power l ine  harmonic.  
The l o g a r i t h m i c  average  o f  n o i s e  from 1 kHz t o  3  kHz i n  
Cabin Creek p a n e l  of Itmann was 40 dB r e l a t i v e  t o  1 pA/m w i t h  
t h e  mine i n  o p e r a t i o n .  The n o i s e  was 7 dB l e s s  between s h i f t s .  
The n o i s e  i n  F a r l e y  p a n e l  was 28 dB (as  measured w i t h  t h e  
t h i r d  sys tem,  f i r s t  day) and 29 dB ( a s  measured w i t h  t h e  f i r s t  
s y s t e m ,  second day) r e l a t i v e  t o  1 pA/m d u r i n g  o p e r a t i o n ,  and 
was a l s o  29 dB d u r i n g  lunch h o u r .  The n o i s e  i n  F a r l e y  was 
5  dB h i g h e r  d u r i n g  t h e  t ime t h e  conveyor b e l t  was s t a r t i n g  up 
t h a n  w h i l e  r u n n i n g ,  and 8 dB h i g h e r  measured 70 me te r s  back 
from t h e  f a c e ,  n e a r  t h e  end of t h e  dc-powered r a i l  h a u l a g e .  
T h i s  l a s t  f i n d i n g  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  t h a t ,  i n  
g e n e r a l ,  dc machinery i s  n o i s i e r  t h a n  a c  machinery .  
F i g u r e  3-27 i s  a  summary o f  magnet ic  f i e l d  s t r e n g t h  o v e r  
t h e  same f requency  r e g i o n  as  measured i n  t h e  McElroy Coal Mine 
[7.] (ac-powered con t inuous  miner  and head l o a d e r ,  dc-powered 
s h u t t l e  c a r s  and t r o l l e y )  . 
A comparison of  t h e  magnetic  n o i s e  from 1 kHz t o  3  kHz 
i n  t h e  f o u r  mines shows: 
1. Robena i s  n o i s i e s t ,  McElroy i s  n e x t ,  fo l lowed  by 
Grace and I tmann,  which a r e  about  e q u a l .  
a .  The h i g h e s t  l o g a r i t h m i c  average of  s e c t i o n  n o i s e  
measured one meter  from a  c a b l e  i n  McElroy i s  15 dB 
r e l a t i v e  t o  1 uA/m ( a t  t h e  power c e n t e r ) .  The n o i s e  
i s  16 dB h i g h e r  a t  t h e  " a i r  s p l i t "  on t h e  haulageway 
i n  Robena, and 2 1  dB h i g h e r  a t  t h e  c a r  p u l l  i n  
o p e r a t i o n  i n  Robena than t h e  15 dB v a l u e  i n  McElroy. 
b  . The h i g h e s t  l o g a r i t h m i c  average of haulageway 
n o i s e  measured 2 meters  from a  cab le  i n  McElroy i s  
7 dB s t r o n g e r  t h a n  t h e  n o i s e  measured 2 m e t e r s  from 
a  load-haul-dump i n  Grace.  The Grace n o i s e  i s  e q u a l  
t o  t h e  n o i s e  measured i n  Cabin Creek p a n e l  i n  Itmann. 
c .  For a  g iven  c o n s t a n t  d i s t a n c e  from t h e  c u r r e n t -  
c a r r y i n g  c a b l e  i n  each o f  t h e  f o u r  mines measured,  
t h e  maximum l o g a r i t h m i c  average  n o i s e  between 1 kHz 
and 3  kHz v a r i e s  over  a  r a t h e r  s m a l l  r a n g e .  For 
example,  a t  t h e  2 meter  d i s t a n c e  from t h e  c a b l e  ( o r  
n o i s e  s o u r c e ) ,  t h e  h i g h e s t  n o i s e  was 48 dB ( i n  McElroy) , 
and t h e  lowes t  was 40 dB ( i n  Grace and I tmann).  
The range of v a l u e s  i s  on ly  8  dB. P a r t  of  t h e  
reason  f o r  t h i s  low s p r e a d  may b e  due t o  t h e  pa ramete r  
chosen f o r  measurement,  t h e  l o g a r i t h m i c  average .  
Th i s  average masks t h e  peak v a l u e ,  which i s  dominant 
i n  caus ing  i n t e r f e r e n c e  t o  a  broadband sys tem.  
3 . 5 . 3  In te rcompar i son  of 3  kHz t o  200 kHz Data 
Comparative s p e c t r a  from 3  kHz t o  200 kHz from f o u r  mines 
a r e  s'1own i n  f i g u r e s  3'-28 and 3 -29 .  The Robena curve i s  on ly  
c a l i b r a t e d  t o  100 kHz. 
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Figure  3-1 Map of  ltmann Coal Mine, Cabin Creek pane l  long-wall 
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4.  AMPLITUDE PROBABILITY DISTRIBUTION MEASUREMENTS 
4 . 1  I n t r o d u c t i o n  and U n c e r t a i n t i e s  
S t a t i s t i c a l  r e p r e s e n t a t i o n s  a r e  r e q u i r e d  s i n c e  t h e  v a r i a -  
t i o n s  o f  f i e l d  s t r e n g t h  a r e ,  i n  g e n e r a l ,  random. The a m p l i t u d e  
p r o b a b i l i t y  d i s t r i b u t i o n  (APD) of t h e  r e c e i v e d  n o i s e  e n v e l o p e  
i s  one of t h e  most u s e f u l  s t a t i s t i c a l  d e s c r i p t i o n s  o f  t h e  
n o i s e  p r o c e s s  f o r  t h e  d e s i g n  and e v a l u a t i o n  o f  a  t e lecommuni-  
c a t i o n s  s y s t e m  o p e r a t i n g  i n  a  n o i s y  env i ronmen t  [ 5 , 6 , 8 ]  . 
By p l o t t i n g  t h e  c u m u l a t i v e  APD on R a y l e i g h  g r a p h  p a p e r ,  
one can  show c l e a r l y  t h e  f r a c t i o n  o f  t ime  t h a t  n o i s e  e n v e l o p e  
e x c e e d s  v a r i o u s  l e v e l s .  R a y l e i g h  g raph  p a p e r  i s  chosen  w i t h  
s c a l e s  s u c h  t h a t  a  R a y l e i g h  d i s t r i b u t i o n  ( i  . e .  , e n v e l o p e  d i s  - 
t r i b u t i o n  o f  Gauss i an  n o i s e )  p l o t s  a s  a  s t r a i g h t  l i n e  w i t h  
s l o p e  o f  - 1 / 2 .  No i se  w i t h  r a p i d  l a r g e  changes  i n  a m p l i t u d e  
( e . g . ,  i m p u l s i v e  n o i s e )  t h e n  h a s  a  much s t e e p e r  s l o p e ,  
t y p i c a l l y  - 4  o r  - 5 ,  depend ing  on t h e  i m p u l s i v e n e s s  o f  t h e  
n o i s e  and t h e  r e c e i v e r  b a n d w i d t h .  
With t h e  e x c e p t i o n  o f  t h e  r o o f - s u p p o r t  b o l t  measurements ,  
a l l  APJI measurements  a r e  r e p o r t e d  i n  a b s o l u t e  q u a n t i t i e s .  
The e s t i m a t e d  l i m i t s  o f  e r r o r  f o r  t h e  APD n o i s e  measu re -  
ments a r e  ? 5  dB. S e v e r a l  s o u r c e s  o f  e r r o r  t h a t  a r e  c r i t i c a l  
t o  t h e  o v e r a l l  a c c u r a c y  o f  o u r  measurements  a r e  l i s t e d  be low:  
1. Use o f  a  d i s c r e t e ,  d i g i t a l  l e v e l  c o u n t e r  ( l e v e l s  a r e  
6  dB a p a r t )  c o n t r i b u t e s  ? 1-dR q u a n t i z a t i o n  e r r o r  l i m i t .  
One - d e c i b e l  s t e p  a t t e n u a t o r s  a r e  u s e d  t o  a c h i e v e  t h e  
+ one d e c i b e l .  
2 .  The s y s t e m ,  i . e  . , r e c o r d i n g ,  d a t a  t r a n s c r i b i n g ,  and 
d a t a  p r o c e s s i n g ,  h a s  a  c a l i b r a t i o n  u n c e r t a i n t y  o f  
? 0 . 5  dB [ 4 ] .  
3 .  The e s t i m a t e d  u n c e r t a i n t y  i n v o l v e d  i n  u s i n g  t h e  p o r -  
t a b l e  and t h e  l a b o r a t o r y  t a p e  r e c o r d e r s  f o r  r e c o r d  and 
p l a y b a c k  i s  r 0 . 5  dB due t o  harmonic  d i s t o r t i o n ,  f l u t t e r ,  
d r o p o u t ,  c r o s s - t a l k ,  e t c .  
4 .  The g a i n  i n s  t a b  ili t y  d u r i n g  measurements ,  g a i n  
changes between measurements and c a l i b r a t i o n ,  and t h e  
n o n - l i n e a r i t y  o f  e l e c t r o m a g n e t i c  i n t e r f e r e n c e  and f i e l d  
s t r e n g t h  (EIFS) meters  and m i x e r s ,  a l l  combined, con-  
t r i b u t e  + 0 . 5  dB u n c e r t a i n t y .  
5 .  The g a i n  i n s t a b i l i t y  and n o n - l i n e a r i t y  of  t h e  d i g i t a l  
l e v e l  c o u n t e r ,  t h e  t u n e d  f requency  c o n v e r t e r ,  t h e  ampl i -  
f i e r ,  and a t t e n u a t o r s ,  a l l  combined, c o n t r i b u t e  k 0 . 5  dB 
u n c e r t  a i n t y  . 
6 .  Connector  l o s s e s  and BNC c a b l e  l o s s e s ,  p a r t i c u l a r l y  
a t  h i g h e r  f r e q u e n c i e s  above 1 0 0  kYz, c o n t r i b u t e  2 2 . 0  dB 
u n c e r t a i n t y  . 
Some a d d i t i o n a l  u n c e r t a i n t y  beyond t h e  s t a t e d  measurement 
sys tem u n c e r t a i n t y  i s  caused  by t h e  in-mine  envi ronment .  Care 
was t a k e n  t o  p r o v i d e  a t  l e a s t  one me te r  s e p a r a t i o n  from 
m e t a l l i c  o b j e c t s  wherever  p o s s i b l e .  However, c o a l ,  r o c k ,  o r  
e a r t h  was sometimes immediately a d j a c e n t  t o  a  loop  a n t e n n a .  
In  a l l  observed c a s e s ,  t h i s  had no e f f e c t  a t  f r e q u e n c i e s  up 
t o  1 ?lHz. Above 1 MHz, e a r t h  and o t h e r  r e f l e c t i o n s  d i d  i n  
some c a s e s  cause  k 1 dB v a r i a t i o n s ,  even w i t h  a  s h i e l d e d ,  
b a l a n c e d  loop an tenna .  An e s t i m a t e  i s  t h a t  an a d d i t i o n a l  
+ 5 dB u n c e r t a i n t y  might be a d v i s a b l e .  However, due t o  t h e  
complexi ty  of t h e  s h i e l d e d  loop i n  t h e  mine env i ronment ,  t h i s  
u n c e r t a i n t y  cannot  be r i g o r o u s l y  bounded w i t h o u t  s u b s t a n t i a l  
a d d i t i o n a l  a n a l y s i s .  
4 .2 R e s u l t s  
4 . 2 . 1  I n t r o d u c t i o n  
APD measurements were made on A p r i l  1 7  and 19 ,  1973,  
d u r i n g  o p e r a t i o n  i n  t h e  Itmann # 3  Coal Mine l o c a t e d  n e a r  
Mul lens ,  sou thwes t  of Beckley , West V i r g i n i a .  D e s c r i p t i o n s  of 
t h i s  mine a r e  g i v e n  i n  s e c t i o n  1 . 2 .  APD measurements were 
made a t  t h r e e  l o c a t i o n s .  The f i r s t  s e t  of  APD measurements  
was made on A p r i l  1 7 ,  1973,  a t  Cabin Creek p a n e l .  Here ,  APD 
measurements were made b o t h  d u r i n g  t h e  o p e r a t i o n  of  t h e  mine 
and d u r i n g  a  p e r i o d  when t h e  mining  equipment  was t u r n e d  o f f .  
In  a d d i t i o n ,  APD measurements between r o o f  - s u p p o r t  b o l t s  were 
pe r fo rmed .  The second s e t  of  APD measurements  was made on 
A p r i l  17 a t  F a r l e y  p a n e l ,  and t h e  t h i r d  s e t  o f  measurements  
was made on A p r i l  19 a t  t h e  h e a d p i e c e  f o r  t h e  main conveyor  
b e l t  f o r  F a r l e y  p a n e l  b e s i d e  t h e  m a i n l i n e  r a i l  h a u l a g e .  I n  
t h e s e  s e t s  of  APD measurements ,  o n l y  t h e  v e r t i c a l  components 
o f  m a g n e t i c  f i e l d  were measured .  In  a d d i t i o n ,  APD measure-  
ments be tween r o o f  - s u p p o r t  b o l t s  were pe r fo rmed  a t  t h e  F a r l e y  
h e a d p i e c e  on A p r i l  1 9 ,  1973.  
4 . 2 . 2  Measurement R e s u l t s  
F i g u r e s  4 - 1  t h r o u g h  4-12 show t h e  APD's o f  t h e  v e r t i c a l  
component of  t h e  magne t i c  f i e l d  n o i s e  measured d u r i n g  o p e r a -  
t i o n  o f  t h e  mine a t  Cabin Creek p a n e l ,  l o c a t i o n  A ,  f i g u r e  3 - 1 ,  
on A p r i l  1 7 ,  1973.  A P D ' s  measured d u r i n g  a  p e r i o d  when mining  
equipment  was n o t  o p e r a t i n g  a r e  shown i n  f i g u r e s  4 - 1 3  t h r o u g h  
4 - 1 9 .  In  t h e s e  " q u i e t "  measurements  ( w i t h  l e v e l s  t h a t  a r e  
sometimes h i g h e r  t h a n  d u r i n g  normal o p e r a t i o n ) ,  t h e  v e r t i c a l  
components of  magne t i c  n o i s e  were measured a t  f r e q u e n c i e s  
r a n g i n g  from 10 kHz t o  6 MHz. Above 100 kHz, t h e  m a g n e t i c  
f i e l d  s t r e n g t h  l e v e l s  a r e  n o t  s u b s t a n t i a l l y  d i f f e r e n t  d u r i n g  
q u i e t  t ime  compared t o  normal  o p e r a t i o n .  The harmonics  of  
88 kHz t r o l l e y  phones e x t e n d  t o  8 MHz, and t h e r e  a r e  o t h e r  
h i g h e r  f r e q u e n c y  c a r r i e r s ,  e  . g .  , 202.5 kHz. 
F i g u r e  4  -20 shows t h e  r o o f  - s u p p o r t  b o l t  measurement made 
a t  Cabin Creek p a n e l ,  l o c a t i o n  A i n  f i g u r e  3 - 1 ,  on A p r i l  1 7 ,  
1973. The s e p a r a t i o n  be tween t h e  two r o o f - s u p p o r t  b o l t s  was 
1 . 5  m e t e r s ,  and t h e  APD's were measured u s i n g  n o n - s h i e l d e d  
coppe r  w i r e  c o n n e c t e d  be tween t h e  r o o f  - s u p p o r t  b o l t s  and 
t h e  e l e c t r o m a g n e t i c  i n t e n s i t y  and f i e l d  s t r e n g t h  (EIFS) m e t e r .  
The d c  r e s i s t a n c e  measured w i t h  a  dc ohmmeter connected  t o  
t h e s e  r o o f - s u p p o r t  b o l t s  was 30kQ. The RF impedance measured 
a t  10 kHz u s i n g  a  CW g e n e r a t o r ,  RF v o l t m e t e r ,  and RF c u r r e n t  
meter  was 8  kQ. I t  i s  n o t  e a s y  t o  ana lyze  what was measured 
through n o n - s h i e l d e d  copper w i r e s .  I t  i s  a  combinat ion of 
e l e c t r i c  f i e l d  coupled  through a  d i p o l e  w i t h  a  l o s s y  su r round-  
i n g  medium ( i . e . ,  c o a l )  and of magnet ic  f i e l d  through a  l o s s y  
loop a n t e n n a ,  and o f  v o l t a g e  induced by c u r r e n t  f lowing th rough  
t h e  medium between t h e  roof  b o l t s .  T h e r e f o r e ,  r e l a t i v e  v o l t  - 
age i s  t h e  pa ramete r  g i v e n .  The rms va lue  i s  a r b i t r a r i l y  
a s s i g n e d  t h e  va lue  0  dB. 
F i g u r e s  4-21 through 4-28 show APD measurements of  t h e  
v e r t i c a l  component of magnetic  f i e l d  n o i s e  measured about  70 
mete r s  (230 f t  . )  from t h e  longwall  f a c e  i n  F a r l e y  p a n e l  on 
A p r i l  1 7 ,  1973. F igures  4-29 through 4-40 show APD's of  t h e  
v e r t i c a l  component of magnet ic  f i e l d  n o i s e  measured a t  t h e  
headp iece  f o r  F a r l e y  main conveyor b e l t  on A p r i l  1 9 ,  1973. 
G e n e r a l l y ,  t h e  l e v e l s  a t  t h e  headpiece  a r e  about  20 dB h i g h e r  
than  t h e  l e v e l s  70 meters  from t h e  f a c e .  The l e n g t h  of  t ime 
f o r  each APD measurement i s  nominal ly  20 m i n u t e s ;  f o r  t h e  
r e l a t i v e l y  long work c y c l e  i n  a  longwal l  mine, 20 minutes  i s  
i n s u f f i c i e n t  t ime t o  p r o v i d e  s t a t i s t i c a l  v a l i d i t y .  A l s o ,  
a long  main haulageways,  t h e  t ime r e q u i r e d  may be much l o n g e r  
t h a n  20 minu tes .  
F igure  4 -41 shows t h e  roof  - suppor t  b o l t  measurements 
made a t  t h e  Far ley  headpiece  on A p r i l  1 9 ,  1973.  The s e p a r a -  
t i o n  between t h e  two r o o f - s u p p o r t  b o l t s  was one m e t e r ,  t h e  dc  
r e s i s t a n c e  between t h e s e  roof  b o l t s  was 30 kQ,  whereas t h e  RF 
impedance a t  1 0  ktlz was 5 . 5  kQ. Again ,  t h e  u n i t s  a r e  r e l a t i v e  
v o l t a g e ,  w i t h  t h e  rms va lue  a r b i t r a r i l y  a s s i g n e d  t h e  v a l u e  
0 dB. 
4 . 2 . 3  RMS and Average Values 
The APD1s a r e  i n t e g r a t e d  t o  g ive  rrns and average  v a l u e s  
of  t h e  f i e l d  s t r e n g t h ,  a c c o r d i n g  t o  t h e  e q u a t i o n s  
H = - H dp (H) 
avg 0 
H rms = [-l H~ dp(H)]', 
where H r e p r e s e n t s  t h e  magnet ic  f i e l d  s t r e n g t h  o f  t h e  n o i s e ,  
and p  i s  t h e  p r o b a b i l i t y  t h a t  t h e  measured f i e l d  s t r e n g t h  
exceeds  t h e  v a l u e  H .  These q u a n t i t i e s  a r e  a l s o  dependent  on 
t h e  measurement bandwidth,  t h e  l e n g t h  of  t h e  d a t a  r u n ,  and 
p o s s i b l y  o t h e r  p a r a m e t e r s .  F i n i t e  s e r i e s  a r e  a c t u a l l y  used  
f o r  t h e  numer ica l  i n t e g r a t i o n .  The rrns and average  v a l u e s  s o  
a r r i v e d  a t  a r e  i d e n t i f i e d  on each  graph and a r e  t ime averages  
(23 minutes)  of  t h e s e  t ime-dependent  p a r a m e t e r s .  I f  t h e  t a p e s  
a r e  p l a y e d  i n t o  o r d i n a r y  rrns - r e a d i n g  mete r s  , t h e  meter  r e a d -  
i n g s  w i l l  v a r y  1 0  t o  20 dB over  f r a c t i o n s  of  a  second.  The 
rrns v a l u e  i s  d i r e c t l y  r e l a t a b l e  t o  n o i s e  power. With t h e s e  
wide v a r i a t i o n s  of  f i e l d  s t r e n g t h  w i t h  t i m e ,  t h e  most s u i t a b l e  
p r e s e n t a t i o n s  a r e  s t a t i s t i c a l .  
Excurs ions  o f  f i e l d  s t r e n g t h  between 0 .001  and 99 p e r c e n t ,  
a s  w e l l  a s  rrns and average  v a l u e s ,  a r e  summarized i n  f i g u r e s  
4-42 through 4 - 4 5 .  The p r e d e t e c t i o n  bandwidth f o r  t h e s e  APD 
measurements e i t h e r  i s  1 kHz o r  i s  normal ized  t o  1 kHz. F i g -  
u r e  4 - 4 2 ,  v e r t i c a l  component, Cabin Creek,  i s  t h e  summary 
f i g u r e  f o r  cu rves  shown i n  f i g u r e s  4 - 1  through 4 -12 .  F igure  
4 -43 ,  v e r t i c a l  component, q u i e t  t i m e ,  Cabin Creek,  i s  t h e  summary 
f i g u r e  f o r  cu rves  shown i n  f i g u r e s  4 -13  through 4-19.  F igure  
4 -44 ,  v e r t i c a l  component, F a r l e y  P a n e l ,  i s  t h e  summary f i g u r e  
f o r  cu rves  shown i n  f i g u r e s  4-21 through 4-28.  F i g u r e  4 - 4 5 ,  
v e r t i c a l  component, F a r l e y  Headpiece ,  i s  t h e  summary f i g u r e  
f o r  cu rves  shown i n  f i g u r e s  4-27 th rough  4-40.  
Magnetic f i e l d  s t r e n g t h  g e n e r a l l y  d e c r e a s e s  monoton ica l ly  
w i t h  i n c r e a s i n g  f requency a t  2 0  dB p e r  decade .  A s i g n i f i c a n t  
e x c e p t i o n  o c c u r r e d  d u r i n g  " q u i e t "  t ime .  P o s s i b l y  due t o  t h e  
heavy u s e  of 88 kHz t r o l l e y  phones (wi th  t h e i r  a t t e n d a n t  
h a r m o n i c s ) ,  d u r i n g  t h i s  p e r i o d ,  t h e  l e v e l s  from 1 0 0  kHz t o  
6 ?@Iz were freq-uency independen t ,  and h i g h e r  than  d u r i n g  
normal o p e r a t i o n  a t  t h e  h i g h e r  f r e q u e n c i e s .  
Percent of Time Ordinate is Exceeded 
Figure 4-1 APD, 10 kHz, ver t i ca l  component, 1 . 0  kHz predetection bandwidth, 
April 17 ,  1973, 11:40 a.m., Cabin Creek, I t m n  13. 
Linear by -* lap,,,(-lnp) 
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Percent of Time Ordinate is Exceeded 
Figure 4-2 APD, 30 kHz, vert i ca l  component, 1.0 kHz predetection bandwidth, 
April 17,  1973, 12:20 p.m., Cabin Creek, Itmann #3. 
Percent of Time Ordinate is Exceeded 
Figure 4-3 APD, 70 kHz, v e r t i c a l  component, 1 . 0  kHz predetection bandwidth, 
April  17,  1973, 12: 50 p.m., Cabin Creek, Itmann 13. 
Llneor by -+ ~ o g , , ( - ~ n p )  
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Percent of Time Ordinate is Exceeded 
Figure 4-4 APD, 130 kHz, vert ical  component, 1.0 kHz predetection bandwidth, 
April 1 7 ,  1973, 1:30 p.m., Cabin Creek, Itrnann #3. 
Linear by -+ loplo(-lnp) 
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Percent of Time Ordinate is Exceeded 
Figure 4-5 APD, 1 6 0  kHz, v e r t i c a l  component, 1 . 0  kHz p r e d e t e c t i o n  bandwidth, 
Apri l  1 7 ,  1973,  2:20 p.m., Cabin Creek, Itmann #3. 
Percent of Time Ordinate is  Exceeded 
Figure 4-6 APD, 250 kHz, ver t i ca l  component, 1.0 kHz predetection bandwidth, 
April 17, 1973, 3:00 p.m., Cabin Creek, Itmann t 3 .  
Percent of Time Ordinate is Exceeded 
Figure 4-7 APD, 500 kHz, v e r t i c a l  component, 1 . 2  kHz p r e d e t e c t i o n  bandwidth, 
Apri l  1 7 ,  1973, 11:40 a.m., Cabin Creek, Itmann 13. 
Percent of Time Ordinate is  Exceeded 
Figure 4-8 APD, 1 MHz, v e r t i c a l  component, 1 .2  kHz predetection bandwidth, 
April 17 ,  1973, 12: 20 p . ~ .  , Cahin Creek, Itmann 63.  
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Percent of Time Ordinate is Exceeded 
Figure 4-9 APD, 2 MHz, v e r t i c a l  component, 1 . 2  kHz predetect ion  bandwidth, 
Apri l  1 7 ,  1973, 12:50 p.m., Cabin Creek, Itmann 13 .  
Percent of Time Ordinate is Exceeded 
Figure 4-10 APD, 6 MHz, v e r t i c a l  component, 1 . 2  kHz p r e d e t e c t i o n  bandwidth, 
Apri l  1 7 ,  1973, 1:30 p.m., Cabin Creek, Itmann 13. 
Percent of Time Ordinate is Exceeded 
Figure  4-11 APD, 1 4  MHz, v e r t i c a l  component, 1 . 2  kHz p r e d e t e c t i o n  bandwidth, 
A p r i l  1 7 ,  1973,  2: 20 p.m., Cabin Creek, Itmann 13 .  
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Figure 4-12 APD, 32 MHz, v e r t i c a l  component, 1 . 2  kHz predetect ion  bandwidth, 
Apri l  1 7 ,  1973,  3:00 p.m., Cabin Creek, Itmann 83. 
Percent of Time Ordinate is Exceeded 
Figure 4-13 APD, 10 kHz, v e r t i c a l  component, 1 . 0  kHz predetection bandwidth, 
April  1 7 ,  1973, 3:40 p.m., Quiet Time Measurement, Cabin Creek, 
Itmann W3. 
Percent of Time Ordinate is Exceeded 
'igure 4-14 APD, 30 kHz, ver t i ca l  component, 1 .0  kHz predetection bandwidth, 
April 17,  1973, 3: 50 p.m., Quiet Time Measurement, Cabin Creek, 
I tmann #3. 
Linear by - log,,(-~n p) 
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Percent of Time Ordinate is Exceeded 
Figure 4-15 APD, 130 kHz, v e r t i c a l  component, 1 . 0  kHz predetect ion  bandwidth, 
Apri l  1 7 ,  1973,  4 :05 p.m., Quiet  Time Measurement, Cabin Creek, 
Itmann 13. 
Percent of Time Ordinate Is Exceeded 
Figure 4-16 APD, 500 kHz, ver t i ca l  component, 1 . 2  kHz predetection bandwidth, 
A p r i l  17, 1973, 3:40 p.m., Quiet Time Maaeuranent, Cabin Creek, 
Itmann #3. 
Percent of Time Ordinate ir Exceeded 
Figure 4-17 APD, 1 MHz, vertical component, 1.2 kHz predetection bandwidth, 
April 17, 1973, 3: 50 p.m., Quiet Ti-  Meeeurement, Cabin Creek, 
Itrnann #3. 
Percent o t  Time Ordinate is Exceeded 
Figure 4-18 APD, 2 MHz, v e r t i c a l  component, 1 . 2  kHz predetect ion  bandwidth, 
A p r i l  1 7 ,  1973,  4 :00  p.m., Quiet  Time Measuranent, Cabin Creek, 
Itmann 13.  
Percent of Time Ordinate is Exceeded 
Figure 4-19 APD, 6 m z ,  ver t i ca l  component, 1 . 2  kHz predetection bandwidth, 
April 17, 1973, 4 :  05 p.m., Quiet Time Meaeurement, Cabin Creek, 
Itmann #3. 
Linear by - l ~ p , ~ ( - l n  p) 
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Figure 4-20 APD, 1 0  kHz, r o o f  b o l t  measurement, 1.0 kHz p r e d e t e c t i o n  bandwidth, 
A p r i l  1 7 ,  1973,  5:00 p.m., Cabin Creek, Itmann 1113. 
Percent of Time Ordinate is Exceeded 
Figure 4-21 APD, 10 kHz, ver t i ca l  coraponent, 1.0 kHz predetection bandwidth, 
April 17,  1973, 12:30 p.m., Farley Panel, Itmann 1/3. 
Percent of Ti me Ordinate is Exceeded 
Figure 4-22 APD. 30 kHz, vert i ca l  component, 1.0 Idlz predetection bandwidth, 
April 17,  1 - 7 .  1.15 p.m. ,  Farley Panel, Itmann 83, 
Percent of Time Ordinate is Exceeded 
Figure 4-23 APD, 70 kHz, ver t i ca l  component, 1 .0  kHz predetection bandwidth, 
April 17 ,  1973, 2:00 p.m., Farley Panel, Itmann $3. 
Percent ot Time Ordinate is  Exceeded 
Figure 4-24 APD, 130 kHz, vertical component, 1.0 kHz predetection bandwidth, 

















































Percent of Time Ordinate is Exceeded 
Figure 4-26 M D ,  500 kHz, v e r t i c a l  component,  1 . 2  kHz p r e d e t e c t i o n  bandwidth ,  
A p r i l  1 7 ,  1 9 7 3 ,  1 : 1 5  p.m.,  F a r l e y  P a n e l ,  Itmann 63. 
Percent of Time Ordinate is Exceeded 
Figure 4-27 APD, 1 MHz, v e r t i c a l  component, 1.2 kHz p r e d e t e c t i o n  bandwidth, 
Apri l  1 7 ,  1973, 2: 00 p .m. ,  Far ley  Pane l ,  Itmann #3. 
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Percent of Time Ordinate is  Exceeded 
Figure 4-29 APD, 10 kHz, v e r t i c a l  component, 1 . 0  kHz predetec t ion  bandwidth, 
















Percent of Time Ordinate is Exceeded 
Figure 4-30 APD, 30 kHz, v e r t i c a l  component, 1 . 0  kHz predetect ion bandwidth, 
Apri l  19 ,  1973, 10:50 a.m., Farley Headpiece, Itmann f 3 .  
8 2 
Percent of Time Ordinate is Exceeded 
Figure 4-31 APD, 70 kHz, v e r t i c a l  component, 1 . 0  kHz predetect ion bandwidth, 
Apr i l  1 9 ,  1973, 11:25 a.m., Farley Headpiece, Itmann 83. 
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Percent of Time Ordinate is Exceeded 
Figure 4-32 APD, 130 kHz, v e r t i c a l  component, 1 . 0  kHz predetect ion bandwidth, 
April  19,  1973, 12:00 p.m., Farley Headpiece, Itmann #3. 
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Figure 4-33 APD, 160 kHz, v e r t i c a l  component, 1 . 0  kHz predetec t ion  bandwidth, 
Apr i l  1 9 ,  1973, 12:30 p.m., Farley Headpiece, Itmann $3. 
Percent of Time Ordinate is Exceeded 
.gum 4-34 APD, 250 kHz, vert ical  component, 1 .0  kHz predetection bandwidth, 
April 19, 1973, 1:00 P.m., Farley Headpiece, Itmann 1 3 .  
86 
Percent of Time Ordinate is Exceeded 
Figure 4-35 APD, 500 kHz, v e r t i c a l  component, 1 .2  kHz predetection bandwidth, 
April 19, 1973, 10:20 a.m., Farley Headpiece, Itmann 83. 
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Figure 4-36 APD, 1 MHz, v e r t i c a l  component, 1 . 2  kHz predetect ion bandwidth, 
Apri l  1 9 ,  1973, 10:50 a.m. ,  Farley Headpiece, Itmann 113. 


































































Perctn t of Time Ordinate is  Exceeded 
Figure 4-38 APD, 6 MAz, v e r t i c a l  component, 1 . 2  kHz predetect ion  bandwidth, 
Apri l  19 ,  1973, 12:OO p.m., Far ley  Bcadpicce, Itmanu 13 .  
Percent of Time Ordinate is Exceeded 
Figure  4-39 APD, 1 4  MHz, v e r t i c a l  component, 1 . 2  kHz p r e d e t e c t i o n  bandwidth, 
A p r i l  1 9 ,  1973,  12:30 p.m., F a r l e y  Headpiece,  IhPann 1 3 .  
9 1 
Percent of Time O r d ~ n a t e  is Exceeded 
F i g u r e  4-40 APD, 32 MHz, v e r t i c a l  component ,  1 . 2  kHz p r e d e t e c t i o n  b a n d w i d t h ,  
A p r i l  19,  1973,  1: 00 p.m. ,  F a r l e y  H e a d p i e c e ,  I tmann #3. 
9 2  
Linear by - log,&-In p) 
30 
Percent of Time Ordinate is Exceeded 
Figure 4-41 APD, 10 kHz, roof b o l t  measurement, 1 . 0  kHz p r e d e t e c t i o n  bandwidth, 
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5 .  CONCLUSIONS 
In I tmann,  we found t h a t  t h e  haulageways u s u a l l y  had  
h i g h e r  EM n o i s e  l e v e l s  t h a n  e x i s t  n e a r  t h e  f a c e  a r e a .  T h i s  
was d i f f e r e n t  from o t h e r  mines ;  u s u a l l y  t h e  f a c e  equipment 
i s  t h e  pr ime s o u r c e  of n o i s e .  A t  h i g h e r  f r e q u e n c i e s ,  above 
100 kHz, Itmann was n o i s i e r  t h a n  o t h e r  mines .  So c a l l e d  
" q u i e t "  p e r i o d s  have low n o i s e  l e v e l s  on ly  a t  low f r e q u e n c i e s ,  
and o n l y  a t  c o n s i d e r a b l e  d i s t a n c e s  from r a i l  haulageways .  
The 88 kHz t r o l l e y  phones i n  Itmann No. 3 may n o t  have 
worse  harmonic o u t p u t  t h a n  e x i s t s  i n  o t h e r  m i n e s ,  b u t  r e l a -  
t i v e l y  h i g h  l e v e l s  of harmonic s i g n a l s  were o b s e r v e d  t o  8 MHz 
i n  t h i s  mine on a  spec t rum a n a l y z e r .  Th i s  was n o t  t r u e  i n  
one o t h e r  mine ,  Grace Mine, b u t  t h i s  measurement was n o t  made 
i n  most mines v i s i t e d .  
There were a l s o  c a r r i e r s  p r e s e n t  on an i n t e r m i t t e n t  b a s i s  
a t  f r e q u e n c i e s  o t h e r  t h a n  t h e  88 kHz of  t h e  t r o l l e y  phone.  
A s t r o n g  one was a t  2 0 2  k H z .  In g e n e r a l  d c  machinery i s  
n o i s i e r  t h a n  a c  machinery .  
I n  I tmann,  i n  a d d i t i o n  t o  t h e  lower  t h a n  u s u a l  power- 
l i n e - h a r m o n i c  n o i s e  and t h e  a v e r a g e  i m p u l s i v e  n o i s e ,  t h e r e  a r e  
more i n t e r m i t t e n t  cw c a r r i e r s  and harmonics  o f  t h e s e  c a r r i e r s  
t h a n  i n  any o t h e r  mine v i s i t e d .  T h e r e f o r e ,  l o n g e r  i n t e r v a l s  
o f  i n t e r f e r e n c e  may b e  p r e s e n t  a t  more d i s c r e t e  f r e q u e n c i e s ,  
and d e s i g n  of  communication equipment  s h o u l d  t a k e  t h i s  i n t o  
a c c o u n t .  
Those making s i g n i f i c a n t  c o n t r i b u t i o n s  t o  t h i s  program 
a r e  as  fo l lows  : l a b o r a t o r y  development and f i e l d  u s e  o f  meas - 
urement equipment,  Ed Neisen,  Doug Schu lze ,  and Tom Bremer; 
d a t a  p r o c e s s i n g ,  Anne Rwnfel t ,  Nancy Tomoeda, Winston S c o t t ,  
Frank Cowley, and David S t e a r n s .  Those making v a l u a b l e  b u t  
l e s s  t ime -consuming c o n t r i b u t i o n s  were Gerry Reeve, Bob 
Matheson, Don Spaulding , John Chukoski , Lorne Matheson, 
Dave Lewis, and Sharon Foote .  
Winston S c o t t  p rov ided  much a s s i s t a n c e  i n  p r o o f r e a d i n g ,  
whi le  Sharon Foote and J a n e t  Becker typed  t i r e l e s s l y  through 
many v e r s i o n s .  Joce lyn  Spencer and Barbara  Bolton p rov ided  
d r a f t i n g  a s s i s t a n c e  . 
F i n a l l y ,  none of  t h i s  would have been p o s s i b l e  w i thou t  
t h e  e x c e l l e n t  coopera t ion  o f  John Burr  of  Lee Engineer ing  
Company and of  B i l l  S t a r l i n g ,  Wes McDonald, John Henry Johnson,  
Hamp C la rk ,  Thurman T i l l e y ,  and Jack Holt  of Conso l ida t ion  
Coal Company. 
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9 .  APPENDIX 
Decoding o f  Spectrum C a p t i o n s  - 
Spect rum c a p t i o n s  a r e  g e n e r a l l y  o r g a n i z e d  i n t o  t h e  f o l -  
lowing  format  : 
F i r s t  l i n e :  MP NDT NZS NDA NPO RC DF d a t e ,  t i m e ,  f r ame ,  s e r i a l ,  
where 
MP = Two's power of  l e n g t h  o f  F o u r i e r  t r a n s f o r m ,  example ,  
2MP where MP = 1 2  
NDT = D e t r e n d i n g  o p t i o n ,  example ,  0  (dc  removed) 
NZS = R e s t a r t  s p e c t r a l  a v e r a g e  a f t e r  o u t p u t ,  example ,  0  
( r e s t a r t e d )  
N D A  = Data  segment advance i n c r e m e n t ,  example ,  2048 
NPO = Number of  s p e c t r a  a v e r a g e d  be tween  o u t p u t  c a l l s ,  
example ,  20 
RC = I n t e g r a t i o n  t ime i n  s econds  p e r  s p e c t r a ,  example ,  0  . I 6 8  
DF = R e s o l u t i o n  bandwid th ,  s p e c t r a l  e s t i m a t e  s p a c i n g  i n  
h e r t z ,  example ,  62 .5  
Date  = Date of  computer  p r o c e s s i n g ,  example ,  03 /21/73  
Time = Time o f  computer  p r o c e s s i n g ,  example ,  15 :06 :34  
Frame= Frame s e t  number,  example ,  10 
S e r i a l  = Fi lm frame s e r i a l  number,  example ,  42.  
Second l i n e  : DTA DA(1) DA(2) DA(3) NSA NRP NPP, where 
DTA = D e t r e n d i n g  f i l t e r  p a r a m e t e r  a ,  example ,  0 .00195 
DA(1) = D e t r e n d i n g  f i l t e r  a v e r a g e ,  K = l ,  example ,  59 .4  
DA(2) = - D e t r e n d i n g  f i l t e r  a v e r a g e ,  K = 2 ,  example ,  0  
DA(3) = D e t r e n d i n g  f i l t e r  a v e r a g e ,  K=3, example ,  0  
NSA = Number of  pe r iodograms  a v e r a g e d ,  example ,  20 
NRP = Number of  d a t a  p o i n t s  p r o c e s s e d  s i n c e  s p e c t r u m  
i n i t i a l i z a t i o n ,  example ,  43008 
NPP = Number of  d a t a  p o i n t s  p r o c e s s e d  s i n c e  d a t a  i n i t i a l -  
i z a t i o n ,  example ,  43008. 
T h i r d  l i n e :  RUN, SESSION, DAY, MONTH, YEAR Gain c o r r . ,  r e c .  = 
t o t .  c o n s t r .  = ,  where 
Run and S e s s i o n  = t h e  t i t l e  of  t h e  p o r t r a y e d  frame i d e n t i f y i n g  
t h e  d i g i t i z i n g  s e s s i o n  and run number, 
example,  21-83 
Month, Day, Year = d a t e  d a t a  were r e c o r d e d  i n  t h e  mine ,  
example,  8  25 73 
Gain c o r r .  r e c .  = r e c e i v e r  g a i n  c o r r e c t i o n ,  example,  0 
t o t .  c o n s t .  = c o n s t a n t  g a i n  c o r r e c t  i o n  o f  e n t i r e  s y s  tem, 
example,  46.4 
Four th  l i n e :  C = ,  RG =,  DG = ,  FG = ,  AG = ,  where 
C = c o r r e c t i o n  curve  used  w i t h  d a t a ,  example,  25 
RG = r e c e i v e r  g a i n  and accompanying c o r r e c t i o n  i n  dB added t o  
t h e  d a t a ,  example,  200 ( - 6  dB) 
DG = d i g i t i z e r  g a i n ,  example,  0 
FG = f i l t e r  g a i n  i n  dB, o f t e n  rounded t o  n e a r e s t  s i n g l e  d i g i t ,  
example,  0  
AG = a b s o l u t e  g a i n  c o r r e c t i o n  added t o  d a t a ,  example, 52 
F i f t h  l i n e :  Top o f  S c a l e ,  S t a n d a r d  E r r o r ,  S p e c t r a l  Peak,  where 
Top of  S c a l e  = l a r g e s t  s c a l e  marking f o r  computer drawn 
4  g r a p h ,  example,  1.000+004 (1.0 x  1 0  ) 
S t a n d a r d  E r r o r  = s t a n d a r d  e r r o r  of c u r v e ,  example,  0.316 2 
S p e c t r a l  Peak = l a r g e s t  s p e c t r a l  peak o b s e r v e d ,  example,  
4.108+003 (4.108 x  l o 3 )  
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